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FOREWORD 


Atmospheric  parameters  are  essentia]  to  the  research  and  develop¬ 
ment  of  missiles  and  aerospace  vehicles.  The  need  for  realistic  atmos¬ 
pheric  models  derived  in  a  consistent  manner  for  each  of  the  several  major 
test  ranges  was  recognized  in  the  early  1960's.  An  atmospheric  model 
which  is  derived  from  statistical  data  for  a  particular  geographical  location 
is  referred  to  as  a  reference  atmosphere. 

Following  the  first  Range  Reference  Atmosphere  (RRA)  by  the 
Inter-Range  Instrumentation  Group  (IRIG)  for  Cape  Kennedy,  Florida, 
issued  in  1963  and  additional  publications  for  several  ranges  up  to  1974, 
improved  upper- air  data  bases  have  become  available  from  which  to 
develop  the  RRA.  This  is  the  result  of  the  extended  period  of  records 
and  improvement  in  the  upper-air  measuring  program  by  rocketsondes  for 
altitudes  above  the  rawinsonde  ceiling  of  30  km  altitude.  Revised  and 
improved  RRAs  are  justified  because: 

1)  Needs  for  more  definitive  statistical  atmospheric  models  have 
arisen  due  to  changes  and  advances  in  aerospace  technology.  The  Space 
Transportation  System  (Space  Shuttle)  is  one  example. 

2)  There  is  now  an  extended  and  improved  upper- air  data  base 
for  most  ranges  from  which  to  develop  a  more  definitive  RRA. 

3)  There  are  requirements  for  RRAs  for  new  ranges  and  range 

sites. 

4)  There  have  been  scientific  advances  in  understanding  the  upper 
atmospheric  structure  and  physical  relationships. 

5)  Advances  in  statistical  modeling  techniques  have  been  made  due 
to  the  general  availability  of  high-speed  electronic  computers.  This  has 
led  to  the  adoption  of  advanced  concepts  in  atmospheric  modeling.  For 
these  reasons  the  Range  Reference  Atmosphere  Committee  (RRAC)  was 
tasked  by  the  Range  Commander's  Council /Meteorology  Group  (RCC/MG) 

to  establish  new  and  improved  RRAs.  The  purpose,  scope,  and  objectives 
of  this  task  are: 

Purpose :  This  committee,  Task  MG-1,  establishes  RRAs  for  the 
several  ranges  as  provided  by  the  RCC.  An  RRA  is  a  model  of  the 
Earth's  atmosphere  over  a  geographical  location  of  interest  for  use  by 
DOD  and  other  U.S.  Government  range  users.  The  RRA  is  used  to 
provide  planning  data  for  evaluating  environmental  constraints  for  the 
particular  configurations  of  environment- sensitive  systems  and  components 
being  developed  or  undergoing  tests. 

Scope :  Using  the  best  available  upper  atmosphere  data  base  to 
include  rawinsonde,  rocketsonde  and  possibly  other  high-altitude  data 
sources  for  the  range  location,  the  task  is  to  establish  a  model  of  certain 
statistics  for  wind  and  thermodynamic  quantities  derived  in  a  uniform 
manner  and  published  in  a  standardized  format. 
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Objectives :  The  wind  statistics  shall  be,  insofar  as  practical,  modeled 
to  be  consistent  with  rigorous  mathematical  probability  properties  of  the 
multivariate  normal  probability  theory.  The  thermodynamic  quantities  sta¬ 
tistics  shall  be,  insofar  as  practical,  modeled  to  be  consistent  with  the 
hydrostatic  equation,  the  equation  of  state,  and  the  probability  principles 
which  are  related  through  these  physical  equations.  The  document  shall 
serve  as  an  authoritative  source  of  information  and  as  an  atmospheric  model 
for  a  particular  range.  The  first  in  the  series  of  revised  RRAs  to  be  pub¬ 
lished  is  for  Kwajalein  Missile  Range  (KMR)  (publication  date  December  1982). 
The  altitude  range  required  for  KMR  is  0  to  70  km.  The  order  of  priority 
for  the  subsequent  publications  is: 


Range  Altitude  Range  Required 


1. 

AFFTC /Edwards  AFB  ,  CA 

0  - 

70 

kma 

2. 

ESMC  /Cape  Canaveral  AFS  ,  FL 

0  - 

70 

km 

3. 

VVSMC /Vandenberg ,  AFB,  CA 

0  - 

70 

kma 

4. 

WSMR /White  Sands,  NM 

0  - 

70 

km 

5. 

PMTC/Point  Mugu,  CA 

0  - 

70 

km 

6. 

UTTR/Dugway  (Michales  AAF)  ,  UT 

0  - 

30 

km^ 

7. 

AD/Eglin  AFB,  FL 

0  - 

30 

km 

8. 

ESMC /Ascension  Island 

0  70  km  (Terminates 

because  of  insufficient 

at  66 
data) 

9. 

NASA /Wallops  Flight  Center,  VA 

0  - 

70 

km 

10. 

Taquac  (Guam) 

0  - 

30 

km 

11. 

PMTC/Barking  Sands,  HI 

0  - 

70 

km 

In  keeping  with  the  RCC's  objective  of  standardization,  the  modeling 
techniques,  basic  text,  and  tabulation  format  are  to  be  the  same  for  all 
RRAs.  These  new  and  revised  RRAs  present  not  only  the  mean  values 
of  the  thermodynamic  quantities  (pressure,  temperature,  virtual  tempera¬ 
ture.  and  density)  but  also  include  a  statistical  measure  for  the  dispersion, 
i.e.  ,  standard  deviations  and  skewness  coefficients.  New  quantities  pre¬ 
sented  are  water  vapor  pressure  and  dewpoint  temperature.  The  sta¬ 
tistical  modeling  for  the  wind  is  entirely  new.  The  new  approach  uses 
the  properties  of  the  bivariate  normal  probability  distribution  function. 


a.  Use  rooketsonde  data  from  PMTC/Point  Mugu  for  altitudes  above  30  km. 

b.  Consider  augmenting  data  base  from  Ely  or  Salt  Lake  City. 
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All  final  computations  were  performed  by  the  United  States  Air  Force 
Environmental  Technical  Applications  Center  (USAFETAC)  in  response  to 
a  task  from  Eastern  Space  and  Missile  Center  (ESMC). 

The  text  was  prepared  jointly  between  USAFETAC  and  the  NASA/ 
George  C.  Marshall  Space  Flight  Center's  Space  Sciences  Laboratory. 
Atmospheric  Sciences  Division.  The  editing  and  preparation  of  the  manu¬ 
script  master  was  performed  by  the  NASA/MSFC  organization. 

The  co-chairmen  express  their  gratitude  to  all  RRAC  members  and 
their  respective  colleagues  who  have  made  significant  technical  contribu¬ 
tions  to  the  establishment  of  these  RRAs. 

Special  thanks  are  tendered  to  Lt.  B.  Novogard  for  his  diligence 
in  performing  the  many  computations  and  the  development  of  the  primary 
Tables,  I  through  IV.  Special  thanks  goes  to  Lt.  F.  Wirsing  for  editing 
and  formulating  the  equations  for  the  derivable  thermodynamic  equations. 
These  gentlemen  performed  this  outstanding  work  under  the  direction  of 
Major  B.  Lilius ,  USAFETAC. 

Grateful  acknowledgment  goes  to  Mrs.  Annette  Tingle,  NASA/MSFC, 
for  editing  the  manuscript. 
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CHAPTER  I.  INTRODUCTION 


A.  Definition  and  Purpose  of  the  Range  Reference  Atmosphere 
A.l  Definition 

A  reference  atmosphere  is  a  statistical  model  of  the  Earth's  atmos¬ 
phere  derived  from  upper-air  measurements  over  a  particular  geographi¬ 
cal  location.  Hence,  the  atmospheric  models  developed  by  the  Range 
Reference  Atmosphere  Committee  (RRAC)  in  response  to  a  task  by  the 
Range  Commander's  Council/Meteorology  Group  (RCC /MG)  and  published 
by  the  Secretariat,  Range  Commander's  Council  (RCC)  are  called  Range 
Reference  Atmospheres  (RRAs).  This  organization  group,  formerly  called 
the  Inter-Range  Instrumentation  Group /Meteorology  Working  Group  (IRIG/ 
MWG),  published  a  series  of  RRAs  during  the  period  1963  through  1974. 

A .  2  Purpose 

A  series  of  revised  and  expanded  RRAs  are  to  be  published  for 
locations  of  interest  to  the  RCC.  These  publications  are  to  serve  as  an 
authoritative  reference  source  on  certain  upper  air  statistics  and  as  atmos¬ 
pheric  models  for  a  particular  range  site  (location).  The  technical  useful¬ 
ness  of  these  documents  for  the  ranges,  range  users,  U.S.  aerospace 
industries,  and  the  scientific  community  is  recognized  because  of  the 
standardization  of  the  development  techniques  and  the  presentation  of  the 
tabulations. 

B.  Scope  of  the  Range  Reference  Atmosphere  and  Arrangement  of  Tables 

B .  1  Scope 

\ 

'‘The  RRA  contains  tabulations  for  monthly  and  annual  means,  stan¬ 
dard  deviations .  skewness  coefficients  for  wind  speed ,  pressure  tempera¬ 
ture,  density,  water  vapor  pressure,  virtual  temperature,  dew-point  tem¬ 
perature,  and  the  means  and  standard  deviations  for  the  zonal  and 
meridional  wind  components  and  the  linear  (product  moment)  correlation 
coefficient  between  the  wind  components.  These  statistical  parameters 
are  tabulated  at  the  station  elevation  and  at  1  km  intervals  from  sea  level 
to  30  km  and  at  2  km  intervals  from  30  to  90  km  altitude.  The  wind  sta¬ 
tistics  are  given  at  approximately  10  m  above  the  station  elevations  and 
at  altitudes  with  respect  to  mean  sea  level  thereafter.  For  those  range 
sites  without  rocketsonde  measurements,  the  RRAs  terminate  at  30  km 
altitude  or  they  are  extended,  if  required,  when  rocketsonde  data  from 
a  nearby  launch  site  are  available.  There  are  four  sets  of  tables  for 
each  of  the  12  monthly  reference  periods  and  the  annual  reference  period. 

B.2  Arrangement  of  Tables 

The  statistical  parameters  for  the  RRA  models  are  presented  in 
four  tables. 


Table  I  contains  all  the  wind  statistical  parameters.  This  table 
gives  the  monthly  and  annual  means  and  standard  deviations  of  the  zonal 
and  meridional  wind  components  and  the  linear  (product  moment)  correla¬ 
tion  coefficient  between  these  two  components;  the  mean,  standard  devia¬ 
tion  and  skewness  coefficient  of  the  wind  speed;  and  the  number  of  wind 
observations  (sample  size). 

Table  II  contains  the  monthly  and  annual  means,  standard  deviations, 
and  skewness  values  of  pressure,  temperature,  and  density,  and  the  num¬ 
ber  of  observations  used  for  each  of  these  thermodynamic  quantities. 

Table  III  contains  the  monthly  and  annual  means,  standard  deviations 
and  skewness  values  of  the  water  vapor  pressure ,  virtual  temperature  and 
dew  point,  and  the  number  of  observations  for  each  of  these  moisture- 
related  quantities.  The  statistical  parameters  for  water  vapor  pressure 
and  dew  point  terminate  at  15  km  altitude.  Above  15  km  the  statistical 
parameters  for  virtual  temperature  are  considered  to  be  the  same  as  those 
for  temperature. 

Table  IV  contains  the  monthly  and  annual  mean  atmospheric  models 
for  the  thermodynamic  variables:  pressure,  virtual  temperature,  and 
density.  This  table  is  derived  from  the  monthly  and  annual  mean  virtual 
temperature  versus  altitude  (geometric)  using  the  hydrostatic  equation  and 
the  equation  of  state.  Also  presented  is  the  geopotential  height  corre¬ 
sponding  to  the  tabulated  geometric  altitudes. 

The  physical  unit  for  all  wind  parameters  is  m/s.  The  physical 
unit  for  pressure  is  mb;  for  temperature  and  virtual  temperature,  K; 
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for  density,  gm/m  ;  and  for  water  vapor  pressure,  mb.  In  all  cases  the 
skewness  coefficient  and  the  correlation  coefficient  between  wind  compo¬ 
nents  are  unitless.  All  reference  to  altitude  is  geometric  altitude  and  has 
the  unit  km.  All  reference  to  height  is  geopotential  height  and  has  the 
unit  geopotential  m  or  km.  All  geometric  altitudes  and  geopotential  heights 
are  with  respect  to  mean  sea  level. 

C.  Data  Quality  Control  Procedures 

A  small  proportion  (less  than  10  percent)  of  the  soundings  in  the 
data  base  used  to  calculate  the  RRA  tables  contained  erroneous  data  values. 
The  soundings  which  contained  these  erroneous  values  were  eliminated  from 
the  data  base  using  the  following  procedures: 

1)  Soundings  containing  gaps  in  their  height  data  greater  than 
200  mb  were  rejected.  This  step  was  taken  because  some  soundings  only 
contained  height  values  at  their  "mandatory"  pressure  levels,  which  were 
occasionally  missing,  resulting  in  soundings  with  no  height  information 
at  all. 


2)  An  initial  set  of  RRA  statistics  was  computed  using  all  the  remain¬ 
ing  soundings.  This  initial  set  of  statistics  was  used  to  determine  data 
limits  for  the  temperature,  pressure,  U  and  V  components  of  the  wind,  and 
the  dew  point  (for  the  0-30  km  portion  of  the  RRA)  or  the  density  (for  the 
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30-90  km  portion  of  the  RRA).  The  lower  (upper)  data  limits  were  set 
at  the  mean  value  for  a  specific  parameter,  minus  (plus)  six  standard 
deviations  of  that  quantity.  One  pair  of  data  limits  was  computed  for 
each  of  these  parameters,  month  of  the  year  and  data  level. 

3)  This  initial  set  of  data  limits  was  then  used  to  screen  the  data 

base.  All  the  soundings  which  contained  values  outside  these  data  limits 

were  rejected.  A  new  RRA  was  then  computed  using  the  screened  data 
base.  This  second  RRA  was  used  to  generate  a  second  set  of  data  limits. 

4)  The  second  set  of  data  limits  was  then  used  to  screen  the  data 

base  further.  A  new  RRA  was  again  generated.  The  skewness  values 

in  this  RRA  were  then  evaluated  according  to  empirical  criteria  specified 

in  Section  II. A.  3  of  this  document  for  the  winds  and  according  to  criteria 
in  Section  III.  A.  3  for  the  thermodynamic  quantities.  If  these  criteria 
were  satisfied,  the  new  RRA  was  then  used  to  generate  a  final  set  cf  data 
limits,  which  were  used  to  quality  control  the  data  base  for  the  final  ver¬ 
sion  of  the  RRA. 

5)  Occasionally,  the  third  RRA  which  was  generated  did  not  satisfy 
all  of  the  skewness  criteria.  This  indicated  that  some  incorrect  values 
were  still  present  in  the  data  base.  To  complete  quality  control,  the  data 
limits-to-RRA-to-data-limits  cycle  was  continued  for  additional  iterations 
(usually  one  or  two)  until  the  resulting  RRA  satisfied  the  skewness  cri¬ 
teria.  At  that  point,  a  final  set  of  data  limits  was  generated.  This  final 

set  of  data  limits  was  then  used  to  quality  control  the  data  base  and 
generate  the  final  RRA. 

D.  Organization  of  the  Chapters 

Because  there  are  plans  to  publish  a  series  of  RRAs ,  comments  on 
the  special  organization  of  the  document  are  in  order.  The  RRA  document 
is  arranged  in  four  chapters.  Chapter  I  is  the  Introduction.  Chapter  II, 
Wind  Statistics  and  Models,  contains  the  techniques  used  to  arrive  at  the 
wind  statistical  parameters.  Table  I,  and  the  probability  functions  which 
are  to  be  used  as  wind  models  to  derive  several  wind  statistics.  Chapter 
III,  Statistics  of  Thermodynamic  Quantities  and  Models,  contains  the  tech¬ 
niques  used  to  arrive  at  the  thermodynamic  and  moisture-related  statistical 
parameters  given  in  Tables  II  and  III  and  the  atmospheric  thermodynamic 
model  presented  in  Table  IV.  This  chapter  also  contains  sets  of  equations 
to  calculate  several  atmospheric  properties.  Chapter  IV  contains  the 
general  conclusions  and  recommendations.  These  four  chapters  are 
reprinted  without  change  for  each  documented  RRA  to  assure  consistency 
and  for  expediency  in  preparing  the  documentation.  To  account  for  vari¬ 
ations  particular  to  a  specific  RRA,  two  appendixes  have  been  included. 
Appendix  A,  Examples  of  Wind  Statistics,  is  designed  to  give  a  few  illus¬ 
trative  examples  of  wind  statistics  for  the  specific  RRA  and  cursory  obser¬ 
vations,  comparisons,  or  comments  on  wind  statistics.  Appendix  B, 

Range  Specific  Information,  is  designed  to  present  specific  information 
particular  to  the  range,  such  as  geographical  location,  data  base,  etc., 
and  any  cursory  observations  or  comments  on  the  thermodynamic 
quantities. 
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Read  these  appendixes!  They  are  located  as  the  last  two  units  in 
the  document  because  they  may  vary  in  length  depending  on  the  circum¬ 
stances.  Appendixes  A  and  B  and  the  principal  Tables  I,  II,  III,  and  IV 
are  the  only  changes  to  be  made  to  each  RRA  document  published  in  this 
new  RRA  series. 


CHAPTER  II.  WIND  STATISTICS  AND  MODELS 


A.  General  Considerations 
A.l.  Objectives 

An  objective  of  the  RRA  is  to  furnish  minimum  tabulation  for  the 
wind  statistics.  To  meet  this  objective,  the  bivariate  normal  probability 
distribution  was  adopted  as  a  statistical  model  for  the  wind  treated  as  a 
vector  quantity  at  the  RRA  data  levels.  Only  five  statistical  parameters 
are  required  to  completely  describe  this  probability  function.  In  Cartesian 
coordinates  these  parameters  are  the  means  and  standard  deviations  of 
the  two  orthogonal  components  and  the  correlation  coefficient  between  the 
two  components.  These  five  statistical  parameters  for  the  zonal  and  merid¬ 
ional  (meteorological  coordinates)  components  are  given  in  Table  I.  The 
statistical  properties  of  the  bivariate  normal  probability  distribution  are 
used  to  derive  many  wind  statistics  that  are  of  interest  to  the  ranges  and 
range  users.  This  procedure  produces  consistent  wind  statistics  that  are 
connected  through  rigorous  mathematical  probability  functions.  By  using 
these  functions,  extensive  tabulations  of  wind  statistics  are  avoided. 

The  statistical  properties  of  the  bivariate  normal  probability  distri¬ 
bution  presented  for  the  vector  wind  statistical  model  are: 

1)  The  wind  components  are  univariate  normally  distributed. 

2)  The  conditional  distribution  of  one  component  given  a  value  of 
the  other  component  is  univariate  normally  distributed. 

3)  The  wind  speed  is  of  the  form  of  a  generalized  Rayleigh 
distribution. 

4)  The  frequency  distribution  of  wind  direction  can  be  derived. 

5)  The  conditional  distribution  of  wind  speed  given  a  value  of  wind 
direction  (wind  rose)  can  be  derived. 

6)  The  five  tabulated  wind  statistical  parameters  which  are  with 
respect  to  the  meteorological  zonal  and  meridional  coordinate  system  can 
be  derived  for  any  arbitrary  rotation  of  the  orthogonal  axes. 

The  probability  distribution  functions  and  sets  of  equations  to  derive 
wind  statistics  for  the  previously  stated  properties  of  the  vector  wind 
model  are  presented.  Illustrative  examples  are  presented  in  Appendix  A. 
No  attempt  is  made  to  give  the  derivation  of  the  probability  functions. 

The  reader  is  referred  to  Smith  (  1976)  for  some  derivations  and  several 
applications  of  the  probability  distribution  properties  for  wind  statistics. 
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TABLE  A.  LIST  OF  SYMBOLS  USED  IN  CHAPTER  II 


N  -  The  number  of  wind  measurements  in  Table  I 

r  -  A  general  variable  for  the  bivariate  normal  probability  distri¬ 
bution  in  polar  coordinates 

R  -  A  generalized  Rayleigh  variable  used  for  derived  wind  speed 
probability  distribution 

R  (U,  V)  -  The  linear  (product  moment)  correlation  coefficient 
between  the  zonal  and  meridional  wind  components  in  Table  I 

SK  (W)  -  Skewness  parameter  for  wind  speed  in  Table  I 

S  (U)  -  The  standard  deviation  of  the  zonal  wind  component  in 
Table  I 

S  (V)  -  The  standard  deviation  of  the  meridional  wind  component 
in  Table  I 

S  (W)  -  The  standard  deviation  of  wind  speed  in  Table  I 
t  -  A  standardized  normal  variate  used  in  text  Table  A 
U  -  The  zonal  wind  component 

UBAR  The  mean  value  of  the  zonal  wind  component  in  Table  I 

Y  -  The  meridional  wind  component 

VBAR  -  The  mean  value  of  the  meridional  wind  component  in 
Table  I 

W  -  Wind  speed  or  modulus  of  wind  vector,  a  scalar  quantity 
WBAR  -  The  mean  value  of  wind  speed  in  Table  I 
X  -  A  general  component  variable  or  coordinate  axes 

Y  -  A  general  component  variable  or  coordinate  axes 

X  -  A  general  component  mean  value  in  the  [x,y]  coordinate  system 

Y  -  A  general  component  mean  value  in  the  [x,y]  coordinate  system 

u  (alpha)  -  Rotation  angle  for  the  [x,y]  coordinate  system 


TABLE  A.  (Concluded) 


0  (theta)  -  Wind  direction  in  the  polar  coordinate  system 

^  (Lambda)  -  A  parameter  in  the  bivariate  normal  probability 
distribution  in  text  Table  B 

E  (Xi)  -  The  mean  value  in  the  standardized  normal  probability 
distribution  used  in  text  Table  A 

7t  (Pi)  -  Constant  =  3.14159  ... 

p  (Rho)  -  The  general  linear  correlation  coefficient  between  the 
two  component  variables  in  the  [x,y]  coordinate  system 

o,a  -  The  general  standard  deviations  of  the  x  and  y  compo- 
x  y 

nent  variables  in  the  [x,y]  coordinate  system. 


A.  2.  Data  Quality  Control 

The  U  and  V  components  of  the  wind  were  used  to  generate  data 
limits  which  were  set  at  plus  and  minus  six  standard  deviations  from  the 
mean  for  each  of  the  quantities.  These  data  limits  were  used  to  screen 
the  wind  data  base,  as  described  in  Section  I.C.  The  data  base  was  con¬ 
sidered  to  be  free  from  errors  if: 

1)  The  skewness  of  the  wind  speed  was  below  4.0  at  data  levels 
where  the  mean  wind  speed  was  less  than  15  m/s,  and 

2)  The  skewness  of  the  wind  speed  was  below  2.5  at  data  levels 
where  the  mean  wind  speed  was  greater  than  15  m/s. 

A.  3.  Limitations 


For  the  wind  statistics,  the  correlation  coefficients  for  like  wind 
components  and  unlike  wind  components  between  altitude  levels  were  not 
computed.  Therefore,  wind  statistics  with  respect  to  altitude  (profile) 
cannot  be  derived  from  the  RRA  statistics.  For  wind  profile  modeling 
techniques  the  user  is  referred  to  Smith  (1976).  However,  the  wind 
statistics  at  discrete  altitudes  are  valid;  all  of  the  probability  distribution 
functions  given  in  Chapter  II  can  be  derived  from  the  five  wind  component 
statistical  parameters  contained  in  Table  I,  and  the  derived  distributions 
can  be  considered  as  wind  models  at  discrete  altitudes. 
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By  convention,  in  the  statistical  literature  Greek  letters  are  used 
for  population  or  theoretically  known  parameters,  and  sample  estimates 
are  denoted  by  English  alphabetical  letters  or  with  a  "hat"  (  over  the 
Greek  letters.  In  Chapter  II  Greek  letters  are  used  for  the  variances 
and  the  linear  correlation  coefficient,  and  the  means  are  denoted  by  X 
and  Y  when  dealing  with  the  bivariate  normal  distribution.  It  will  always 
be  understood  that  Table  I  contains  sample  estimates  of  the  statistical 
parameters  and  they  are  with  respect  to  the  meteorological  zonal  (U)  and 
meridional  (V)  coordinate  system. 

B.  Coordinate  System  and  Computation  of  Statistical  Parameters 
B.l.  Coordinate  System 

Wind  measurements  are  recorded  in  terms  of  magnitude  and  direction. 
The  wind  direction  is  measured  in  degrees  clockwise  from  true  north  and 
is  the  direction  from  which  the  wind  is  blowing.  The  wind  magnitude 
(the  modulus  of  the  vector)  is  the  scalar  quantity  and  is  referred  to  as 
wind  speed  or  scalar  wind.  A  statistical  description  that  accounts  for  the 
wind  as  a  vector  quantity  is  appropriate  and  requires  a  coordinate  system. 

For  the  RRA  the  standard  meteorological  coordinate  system  has  been 
chosen  for  the  wind  statistics,  all  tables  of  statistical  parameters,  and 
related  discussions  because  the  coordinate  system  used  in  aerospace  and 
related  applied  fields  has  not  always  been  consistent. 

Using  Figure  1,  the  polar  and  Cartesian  forms  for  the  meteorological 
coordinate  system  are  defined: 

W  =  wind  speed,  scalar  wind,  or  magnitude  of  the  wind  vector  in 
m/s. 

0  =  wind  direction.  0  is  measured  in  degrees  clockwise  from  true 
north  and  is  the  direction  from  which  the  wind  is  blowing. 

U  =  zonal  wind  component,  positive  west  to  east  in  m/s. 

V  =  meridional  wind  component,  positive  south  to  north  in  m/s. 

The  components  0  and  W  define  the  polar  form,  and  the  U-V  components 
define  the  Cartesian  forms: 


=  -W  sin0 


=  -W  COS 0 


0  <  0  <  360° 
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NORTH 


It  is  helpful  to  note  the  difference  between  the  mathematical  conven¬ 
tion  for  a  vector  direction  and  the  meteorological  convention  for  wind 
direction ,  viz . : 


0  met  =  270  -  0  math 


(3) 


when  0  <  0  <  270  degrees 


0  met  =  360  +  (270  -  0  math) 


when  270  <  0  <  360  degrees. 


B.2.  Computation  of  Statistical  Parameters 

The  wind  statistical  parameters  in  Table  I  for  the  means  and  standard 
deviations  of  the  zonal  and  meridional  wind  components  and  wind  speed 
and  the  skewness  parameter  of  wind  speed  were  computed  using  the  sums 
technique  presented  in  Chapter  III.C.3.  In  addition,  the  linear  (product 
moment)  correlation  coefficient  between  the  zonal  and  meridional  wind  com¬ 
ponents,  r  (u,v)  in  Table  I,  was  computed.  This  correlation  coefficient 
is  defined  as 


9 


(4) 


n  __ 

£  CU.  -  U)  (V.  -  V) 

r  (u>v)  — 


These  statistical  parameters  are  with  respect  to  the  Standard  Meteorological 
Coordinate  System. 


C.  Statistical  Wind  Models 
C.l.  Wind  Component  Statistics 

The  univariate  normal  (Gaussian)  probability  distribution  function 
is  used  to  obtain  wind  component  statistics.  In  generalized  notations, 
this  probability  density  function  (pdf)  is 


t2 

2 

f  (t)  =  ~r  ,  (5) 

/2tt 


where  t  =  X  -  ^/o  is  the  standardized  variate  with  £  defining  the  mean 
and  the  standard  deviation.  The  probability  distribution  function 
(PDF)  is 


t 

F(t)  =  /  f(t)  dt  .  (6) 


Because  this  integral  cannot  be  obtained  in  closed  form,  it  is  widely 
tabulated  for  zero  mean  and  unit  standard  deviation.  For  a  convenient 
reference  for  the  RRA ,  selected  values  of  F(t)  are  given  in  Table  B.  To 
emphasize  the  connotation  of  probability,  F(t)  is  shown  in  Table  B  as 
P  jx } .  The  t  values  in  Table  B  are  used  as  multiplier  factors  to  the 
standard  deviation  to  express  the  probability  that  a  normally  distributed 
variable,  X ,  is  less  than  or  equal  to  a  given  value  as 


=  probability,  p  (7) 


pj  X  i  mean  +  t  ox 


TO 


TABLE  B.  VALUES  OF  t  FOR  STANDARDIZED  NORMAL 
(UNIVARIATE)  DISTRIBUTION  FOR  PERCENTILES 
AND  INTERPERCENTILE  RANGES 


t 

P(X) 

oooo 

0.00135 

-2.  3758 

0.00500 

-2.  32  G  8 

0.01000 

-2.2365 

0.01266 

-2.0000 

0.02275 

-1.  9602 

0.02500 

-1.6449 

0.05000 

00 

CM 

I 

0. 10000 

-1.0000 

0. 15866 

-0.8416 

0.20000 

-0. 6745 

0. 25000 

-0.253:5 

0.40000 

0. 0000 

0. 50000 

0. 2533 

0.60000 

0.6745 

0. 75000 

0. 8416 

0.80000 

1.0000 

0. 84134 

1.2816 

0. 90000 

1.6449 

0.95000 

1.9602 

0.97502 

2. 0000 

0.97725 

2. 2365 

0. 98731 

2. 3263 

0. 99000 

2.  575  s 

0. 99500 

3. 0000 

0. 99865 

P{X,<  X  "  X2}  (%) 


For  example,  when  t  =  1.6449,  the  probability  that  X  is  less  than  or 
equal  to  the  mean  plus  1.6449  standard  deviations  is  0.95.  That  value 
of  X  which  is  less  than  or  equal  to  the  mean  plus  1.6449  standard  devia¬ 
tions  is  called  the  95th  percentile  value  of  X.  Also  given  in  Table  2 
are  the  numerical  values  to  express  the  probability  that  X  falls  in  the 
interval  X^  and  X2;  i.e.  , 

pjx^jpX<X2j  =  Interpercentile  Range  (8) 

where  X.  =  X  -  t  o 
X2=X+tax 

For  t  =  1.9602  the  probability  that  X  lies  in  the  interval  X.^  and  X2  is 
0.95.  The  values  of  X^  and  X2  in  this  example  comprise  the  95th  inter¬ 
percentile  range. 

For  a  normally  distributed  variable,  the  mode  (most  frequent  value) 
and  the  median  (50th  percentile  value)  are  the  same  as  the  mean  value. 
The  means  and  standard  deviations  of  the  zonal  and  meridional  wind 
components  from  Table  I  are  used  in  equations  (7)  and  (8)  to  compute 
the  percentile  values  and  interpercentile  ranges  of  the  zonal  and  merid¬ 
ional  wind  components.  When  equation  (7)  is  illustrated  on  a  normal 
probability  graph,  a  straight  line  is  formed. 

C.2.  The  Vector  Wind  Model 

Because  wind  is  a  vector  quantity  having  direction  and  magnitude 
which  can  be  expressed  as  two  components  in  an  orthogonal  coordinate 
system ,  a  probability  model  which  describes  the  joint  relationship  is  the 
bivariate  normal  probability  distribution.  In  general  component  notation, 
the  bivariate  normal  probability  density  function  (BN pdf)  is 


f(X,Y)  = 


A  -  p2 


2rro  a  /  i  -  p 

x  y 


exp 


2(1  -  p‘) 


(X  -  X)2 


2p(X  -  X)  (Y 


o  o 

x  y 


Y  .  (Y  -  Y)2 


00  < 


X  <  00  and 


-do  <  Y  <  aj 


(9) 
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where  the  five  parameters  are  x.y,  the  component  means,  c  ,  a  ,  the 

x  y 

component  standard  deviations,  and  ,  ,  the  correlation  coefficient  between 
the  two  component  variables,  X  and  Y. 

For  many  applications  the  interest  is  in  determining  the  probability 
that  a  point  {X,Y}  will  fall  within  a  contour  of  equal  probability  density. 
The  exponential  terms  of  equation  (9),  when  set  equal  to  a  constant,  A2, 
give  a  family  of  ellipses  depending  on  the  value  of  the  constant.  The 
ellipses  have  a  common  center  at  the  point  |X,Y}  .  Integration  of  equa¬ 
tion  (9)  over  the  region  bounded  by  the  contours  of  equal  probability 
density  gives 


P( A)  =  1 


-A2 

2(1  -  p*) 


Solving  for  A*2  and  replacing  P(A)  by  p  gives 


A2  =  -  2  (1  -  p2)  In  (1  -  p) 


Now  define 


A  =  /l  /-  In  (1  -  p) 
e 


For  ready  reference  and  comparisons,  A  is  shown  in  Table  C  for  selected 
values  of  p. 

The  probability  ellipse  that  contains  p-percent  of  the  wind  vectors 
expressed  in  the  most  general  form  is  the  conic  defined  by 


AX2  +  BXY  +  CY2  +  DX  +  EY  +  F  =  0 


where 


A  =  o 


B  =  -2po  a 
x  y 


TABLE  C.  VALUES  OF  A  FOR  BIVARIATE  NORMAL  DISTRIBUTION 

ELLIPSES  AND  CIRCLES 


P(rc) 

A 

C 

(ellipse) 

A 

c 

(circle) 

P(' ) 

A 

c 

(cllispe) 

A 

c 

(circle) 

0.000 

0.0000 

0.0000 

05.000 

1.4490 

1.0240 

5.000 

0.3203 

0.2205 

08.208 

1.5151 

1.0713 

10.000 

0.4590 

0.3246 

70.000 

1.5518 

1.0973 

15.000 

0. 5701 

0.4031 

75.000 

1.0051 

1.1774 

20.000 

0. 0080 

0.4723 

80.000 

1.7941 

1.2080 

25.000 

0. 7585 

0.5303 

85.000 

1.9479 

1.3774 

30.000 

0. 8440 

0.5972 

80.400 

2.0000 

1.4142 

35.000 

0.9282 

0.0503 

90.000 

2.1400 

1.  5175 

59. 547 

1.0000 

0.7071 

95.000 

2.4477 

1.  7308 

40.000 

1.0108 

0.7147 

95.450 

2.4800 

1.7579 

45.000 

1.0935 

0.7732 

98.000 

2.7971 

1.9778 

50.000 

1. 1774 

0.8325 

98. 108 

2.8284 

2.0000 

54.400 

1.2533 

0.8802 

98.889 

3. 0000 

2. 1213 

55. 000 

1.2037 

0.8930 

99.000 

3.0348 

2. 1400 

00.000 

1.3557 

0.  9572 

99. 750 

3.4393 

2.4320 

05.212 

1.4142 

1.0000 

99.9877 

4.2420 

3.0000 

A  \  2  \  -In  ( 1  -  P) 

e 

A  =  \  -In  (1  -  P) 

c 
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D  =  2g  c  pY  -  2a  X  =  -  (BY  +  2 AX) 
x  y  y 


E  =  2a  a  pX  -  2a  2Y  =  -  (BX  +  2CY) 
X  y  x 


F  =  AX2  +  CY2+  BXY  -  AC  (1  -  p2)  XQ2 


and 


=  /~2  /-  In  (1  -  p) 


For  graphical  presentations  the  range  of  the  variable  is  important 
in  order  to  arrange  the  scale.  The  largest  and  smallest  values  of  X  and 
Y  for  a  given  probability  ellipse,  p,  are  given  by 


XT  _  =  X  ±  a  A 
L  ,b  x  e 


(14) 


Yt  „  =  Y  ±  a  A 

L,S  ye 


(15) 


where,  as  before,  A  =  f~2  /  -In  (1  -  p) 


Although  there  are  several  approaches  to  graphing  the  probability 

ellipses,  the  following  procedure  is  advantageous  for  electronic  computer 

plotting.  In  establishing  the  computer  plotting  program,  the  sample 

estimates  for  X,Y,  a  , a  ,  and  p  are  constants  in  equation  (13).  The  user 

x  y 

makes  the  choice  of  probability  ellipses  desired.  Thus,  p  in  equation  (12) 
is  programmed  as  a  parameter.  The  largest  and  smallest  values  for  X 
and  Y  are  computed  by  equations  (14)  and  (15)  for  the  largest  probability 
ellipse  selected.  This  sets  the  graphical  scale.  Values  of  X  within  the 
range  of  X  smallest  to  X  largest  are  obtained  by  incrementing  X  between 
these  limits.  Using  the  quadratic  equation,  a  solution  of  equation  (13)  is 
made  for  Y  for  each  value  of  X  and  plotted.  The  centroid  (X,Y)  for  the 
family  of  probability  ellipses  is  plotted  as  a  point.  Labeling  and  other 
identification  completes  the  plotting  program. 


For  a  given  probability,  equation  (13)  defines  an  ellipse  which  con¬ 
tains  p-percent  of  the  points  X,Y.  Since  the  entire  area  under  the 
bivariate  normal  density  function  [equation  (9)]  is  unity,  upon  integration 
for  a  given  probability  ellipse,  that  given  ellipse  contains  p-percent  of 
the  total  area.  In  the  wind  statistics  p-percent  of  the  wind  vectors  fall 
within  the  specified  probability  ellipse.  From  this  point  of  view,  a  speci¬ 
fied  probability  ellipse  gives  the  joint  probability  that  p-percent  of  the 
U-V  components  lie  within  the  given  ellipse. 


2  2  2 

When  o  =  a  =  n  and  o  =  0  in  the  bivariate  normal  distribution, 
x  y 

the  probability  ellipses  of  equation  (13)  reduce  to  circles  whose  centers 
are  at  the  means  X,Y.  The  radii  of  the  probability  circles  are 
where 


°V1 


(16) 


and 


A  =  /-In  (1  -  p) 
c 


(17) 


Values  for  \c  for  selected  probabilities,  p,  are  given  in  Table  3. 

Because  this  function  is  simple,  it  can  be  easily  graphed  manually. 
However,  the  generalized  plotting  technique  for  electronic  computer  plot¬ 
ters  as  represented  by  equation  (13)  can  be  advantageously  used. 

C.3.  Derived  Distributions  for  Wind  Statistics 

In  this  subsection  the  probability  distribution  functions  and  sets 
of  equations  are  presented  to  derive  certain  probability  distribution  func¬ 
tions  for  wind  statistics.  These  derived  probability  distributions  are: 

1)  The  conditional  distribution  of  wind  components 

2)  The  generalized  Rayleigh  distribution  for  wind  speed 

3)  The  distribution  for  wind  direction 

4)  The  conditional  distribution  of  wind  speed  given  a  wind  direc¬ 
tion  (wind  rose). 

The  required  five  statistical  parameters  for  these  derived  distributions 
for  wind  statistics  are  given  in  Table  I. 
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C.3.1.  The  Conditional  Distribution  of  Wind  Components 

Given  that  two  random  variables  X  and  Y  are  bivariate  normally 
distributed,  the  conditional  distribution  f(Y  |X)  is  read  as  f(Y)  given  X, 
and  likewise  f(X|Y)  is  read  as  f(X)  given  Y.  The  conditional  probability 
distribution  function  F(Y  jX)  has  the  mean  E(Y|X)  and  variance  a2(x|V). 
where  ^  ^ 


E(Y  |X*)  =  Y  +  p 


X) 


(is: 


and 


2 

°  (y |x*> 


(i9: 


The  conditional  standard  deviation  is 


a(y|x*)  °y 


(2o: 


By  interchanging  the  variables  and  parameters,  the  conditional 
distribution  function  for  F(X|Y*>  has  the  conditional  mean 


E(X  |  Y *)  =  X  + 


(Y*  -  Y) 


(2i; 


conditional  variance 


2 

(x|y*>  =  ox 


2 


(1  -  P2) 


(22 


and  conditional  standard  deviation 


The  preceding  conditional  probability  distribution  functions  are  univariate 
normal  distributions  for  a  (fixed)  given  value  for  one  of  the  bivariate 
normal  variables.  Thus  the  t-values  given  in  Table  2  are  applicable  for 
conditional  probabilities  statements.  For  example, 


F(Y  |X*)  =  E(Y  |X*)  +  t°(y  |x*)  •  (24) 

For_t  =  1.6449  there  is  a  95  percent  chance  that  Y  is  less  than  or  equal 
to  Y  +  1.6449  a(y|x*)  given  that  X  =  X*.  In  symbols  this  statement 

reads 


Y  <E(Y|X*)  +  1.6449  o(y|x+)  |X  =  X*  J  =  0. 


9500 


(25) 


Interval  probability  statements  can  also  be  made;  namely. 


Pi  Yx  =  E(Y|X*)  -  ta(y  jxJ|e)  <  Y  <  Y2  =  E(Y  |X*)  +  toy  |X  =  X*  j 


where  X*  can  take  on  any  fixed  value  of  X,  but  a  convenient  arrangement 
is  to  let  X*  =  X  ±  tox- 

The  close  connection  of  the  regression  function  of  Y  on  X  to  the 
conditional  mean  for  the  bivariate  normal  distribution  is  noted;  namely, 


Y 


Y  + 


(X  -  X) 


(26) 


Similarly,  the  regression  function  of  X  on  Y  is 


X 


X  + 


(Y  -  Y) 


(27) 


These  are  linear  functions  and  express  the  same  results  as  would  be 
obtained  from  a  least-squares  regression  line. 

C.3.2.  The  Generalized  Rayleigh  Distribution  for  Wind  Speed 

If  two  random  variables,  X  and  Y,  are  bivariate  normally  distributed, 
then  the  probability  distribution  for  the  modulus,  R,  can  be  derived  in 
terms  of  the  five  parameters  which  define  the  bivariate  normal  distribution. 
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R  =  /  X  +  Y 


(28 


The  distribution  of  R  so  derived  is  called  a  generalized  Rayleigh  distri¬ 
bution  because  there  are  no  restrictions  on  the  parameters.  For  applica¬ 
tions  to  the  RRA,  the  variable  R  is  recognized  as  wind  speed  or  the 
modulus  of  the  wind  vector. 

The  probability  density  function  for  R  is  expressed  as 


f(R)  =  i(Re  ‘alR 


■0<a2R  )  Va3R) 


GO 

+  2  Z  Ik(a2R2)  *2k^a3R^  COS  2kl^ 

k — 1 


R  >  0 


(29 


The  functions,  Iq('),  Ir(  •)  ,  and  I2k(*)  are  the  modified  Bessel  function 

of  the  first  kind  for  zero  order,  kth  order,  and  2kth  order.  The 
coefficients  are: 


aQ  =  exp 


- 

1 

x2 

+  Y2 

2 

2 

0 

a 

+  2 
°b 

m 

- 

Vb  * 


o  9 

where  a  and  \  are  the  rotated  variances  to  produce  zero  correlation 
a  b  j 

between  X  and  Y.  ^  and  are  the  positive  and  negative  roots  of  the 

expression 


2  _  1  2  2  . 
0  (+,-)  2  I  °x  r  y  * 


,  2  2.  .  2  2  2. 
<  x  •  y  1  -  4  x  °y  (1  ■  u  > 


1/2 


a!  =  (°x2  +  5y2)/4(1  "  ^  °*V 


1.  See  footnote  on  next  page. 


...I 


,  2  2  *  „  2 
(0x  "  °y  ^  4p 


2  2l  1/2 

aj^JLl _ 


2,  2  2 

4(1  -  p  )  ax  ay 


and 


tan  tp  =  - 
X 


Since  this  density  function  cannot  be  integrated  in  closed  form  from  zero 
to  R ,  numerical  integration  is  used  to  obtain  practical  results  for  the 
probability  distribution  function;  i.e.  , 


R  * 

F(R)  =  f  f(R)  dR  .  (30) 

0 


A  number  of  special  cases  can  be  obtained  from  the  general  Rayleigh 
distribution  [equation  (29)],  the  most  simple  of  which  is  to  let  o  =  o  =  a 

_  _  ^  y 

and  X  =  Y  =  0  with  independent  variables  X  and  Y.  This  gives 


1.  This  computational  form  is  obtained  from  the  determinant 


o  -  K  oop 

X  X  y' 


0  O  r 

x  y 


o  -  K 

y 


where  K  is  a2  .  ,  and  o  and  o,  are  analogous  to  the  standard 

V  +  9  )  a  o 

deviation  of  the  major  and  minor  axes  of  the  bivariate  normal 
probability  ellipse. 
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f(R)  = 


(31) 


R  -R2/2  a2 

“2  e 

o 


which  is  recognized  as  the  classical  Rayleigh  probability  density  function. 
The  density  function,  equation  (31),  can  be  integrated  in  closed  form 
over  any  range  of  the  variable  R.  Hence,  the  probability  distribution 
function,  F(R),  for  equation  (31)  is 


F(R)  =  1  -exp  .  (32) 


C.3.3.  The  Derived  Distribution  of  Wind  Direction 

Considering  the  wind  as  a  vector  quantity  and  bivariate  normally 
distributed,  the  wind  direction  can  be  derived.  This  is  done  by  first 
writing  the  bivariate  normal  probability  density  function  in  polar  coor¬ 
dinates  whose  variables  are 


-j  (a2r2  -  2br  +  c2) 

g(r,9)  =  rdje  £  ,  (see  footnote  2)  (33) 


where 


2.  This  expression,  equation  (33),  in  Smith  (1976)  is  given  with  respect 
to  the  mathematical  convention  for  a  vector  direction. 
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d,  = 


2  to  a 

x  y 


fT- 


/  2  2 

and  r  =  /  x  +  y  is  the  modulus  of  the  vector  or  speed  and  0  is  the 
direction  of  the  vector.  After  integrating  g(r,0)  over  r  =  0  to  °° ,  the 
probability  density  function  of  a  is 


g(  0) 


(34) 


where  a 


2 


b, 


and  dj^  are  as  previously  defined  in  equation  (33)  and 


/ 

—  oo 


dt 


is  taken  from  tables  of  normal  distribution  functions  or  made  available 
through  a  computer  subroutine. 


If  desired,  equation  (34)  can  be  integrated  numerically  over  a 
chosen  range  of  0  to  obtain  the  probability  that  the  vector  direction  will 
lie  within  the  chosen  range;  i.e.. 


F(  9) 


/ 


g(o)  de 


(35) 


One  application  may  be  to  obtain  the  probability  that  the  wind  will  flow 
from  a  given  quadrant  or  sector  as,  for  example,  onshore. 


C.3.4.  The  Derived  Conditional  Distribution  of  Wind  Speed  Given  the 
Wind  Direction  (Wind  Rose) 

Continuing  with  the  considerations  in  Section  C.3.3.  of  this  chapter, 
the  conditional  probability  density  function  (pdf)  for  wind  speed,  r,  given 
a  specified  value  for  the  wind  direction,  0,  can  be  expressed  as 
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f(r  |  ';)  = 


(36) 


2  -  I  <a2  r2  -  br) 

a  re 


where  the  coefficients,  a  and  b  and  the  function  i>  |^|  are  as  previously 
defined  in  equation  (33)  and  in  equation  (34). 

From  equation  (36)  the  mode  (most  frequent  value)  of  the  conditional 
wind  speed  given  a  specified  value  of  the  wind  direction  is  the  positive 
solution  of  the  quadratic  equation, 


2  2.  ,  n 

a  r  -  br  -  1  =  0 


(37) 


which  is 


(r 


9>  =  2^ 


(38) 


The  locus  of  the  conditional  modal  values  of  wind  speed  when  plotted  in 
polar  form  versus  the  given  wind  directions  forms  an  ellipse. 

The  noncentral  moment  for  equation  (36)  is  expressed  as 


i  n  =  J  rn  f(r  1 0)  dr 
0 


(39) 


Wow  the  first  noncentral  moment  is  identical  to  the  first  central  moment 
or  the  expected  value,  E  (r 1 0) .  The  integration  of  equation  (39)  for  the 
first  moment  is  sufficiently  simple  to  yield  practical  computations  and 
can  be  expressed  as 


E(r  0) 


(40) 
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Hence,  equation  (40)  gives  the  conditional  mean  value  of  the  wind  speed 
given  a  specified  value  for  the  wind  direction. 

The  integration  of  equation  (36)  for  the  limits  r  =  0  to  r  =  r*  gives 
the  probability  that  the  conditional  wind  speed  is  <  r*  given  a  value  for 
the  wind  direction,  6.  This  conditional  probability  distribution  (PDF)  can 
be  written  as 


(41) 


By  definition  equation  (41)  is  an  expression  for  a  "wind  rose".  Empirical 
wind  rose  statistics  are  often  tabulated  or  graphically  illustrated  giving 
the  frequency  that  the  wind  speed  is  not  exceeded  for  those  wind  speed 
values  which  lie  within  assigned  class  intervals  of  the  wind  direction. 

After  evaluation  of  equation  (41)  for  various  values  of  wind  speed,  r  , 
and  the  given  wind  directions,  0,  interpolations  can  be  performed  to 
obtain  various  percentile  values  of  the  conditional  wind  speed. 

For  the  special  case  when  b  in  equation  (33)  (i.e.  ,  for  x  y  =  0), 
the  conditional  modal  values  of  wind  speeds  [equation  (38)],  the  condi¬ 
tional  mean  values  of  wind  speeds  [equation  (40)],  and  the  fixed  condi¬ 
tional  percentile  values  of  wind  speeds  [interpolated  from  evaluations  of 
equation  (41)], when  plotted  in  polar  form  versus  the  given  wind  directions 
produce  a  family  of  ellipses. 

For  the  special  case  when  x  =  y  =  0,  equation  (36)  reduces  to  the 
following  simple  case: 


Pr  |  r  <:  r*  |  0  =  0q  |  =  1  -  e  ^  .  (42) 

There  is  a  special  significance  of  equation  (42)  when  related  to  the  bivar 
iate  normal  probability  distribution.  If  r*  and  0  are  measured  from  the 
centroid  of  the  probability  ellipse,  then  the  probability  that  r  <  r*  is  the 
same  as  the  given  probability  ellipse.  Further,  solving  equation  (42)  fo: 
r*,  gives 


r* 


1  _ 

a  A  In  (1  -  P) 


(43) 
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If  a  probability  ellipse  P  is  chosen,  equation  (42)  gives  the  distance  of 
r  along  any  5  from  the  centroid  of  the  ellipse  to  the  intercept  of  the 
specified  probability  ellipse.  If  there  is  an  interest  in  conditional  proba¬ 
bility  of  winds  for  a  given  0  relative  to  the  monthly  means,  equation  (43) 
is  applicable.  If  it  is  desired  to  find  the  magnitude  of  the  wind  along 
any  0  relative  to  the  monthly  mean  to  the  intercept  of  a  given  probability 
ellipse,  equation  (43)  is  applicable. 

D.  Statistical  Parameters  With  Respect  To  Any  Orthogonal  Axes 

The  five  wind  statistical  parameters  presented  in  Table  I  are  given 
with  respect  to  the  standard  meteorological  coordinate  system;  i.e.  , 
these  parameters  are  for  the  zonal  and  meridional  components.  For  many 
aerospace  vehicles  and  range  applications  there  is  a  need  for  wind  sta¬ 
tistics  with  respect  to  orthogonal  axes  other  than  west  to  east  and  south  to 
north.  For  example,  it  may  be  required  to  present  wind  statistics  with 
respect  to  a  flight  azimuth  of  an  aerospace  vehicle  whose  flight  azimuth 
is  a  degrees  from  true  north  measured  in  a  clockwise  direction.  The 
following  sets  of  equations  are  presented  to  compute  the  five  parameters 
for  the  new  coordinate  axes  rotated  a  degrees  clockwise  from  true  north. 

a.  Rotation  of  the  means  through  a  degrees: 


X  =  X  cos 

a 

(90  - 

a)  +  Y  sin 

(90  - 

a) 

(44) 

Y  =  Y  cos 

a 

(90  - 

a)  -  X  sin 

(90  - 

a) 

(45) 

b.  Rotation  of  the  variances  through  a  degrees: 


o  2  =  cos2  (90  -  a)  +  a  2  sin2  (90  -  a) 
a  y 

+  2pa  a  cos  (90  -  a)  sin  ( 90  -  a)  (46) 

x  y 

a  2  =  a  2  cos2  (90  -  a)  +  o  2  sin2  ( 90  -  a) 
ya  y  x 

-  2pa  a  cos  ( 90  -  a)  sin  (90  -  a)  .  (47) 

x  y 
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c.  Rotation  of  the  linear  correlation  coefficient  through  a  degrees: 


P 


a 


cov  (  X  ,  Y ) 

a 


a  a 
x  y 

a  J  a 


(48) 


where  cov  (X.YJ^is  the  rotated  covariance, 
cov  (X.Y)^  =  cov  (X,Y)  [cos2  (90  -  a) 

+  cos  (90  -  a)  sin  (90  -  u) 


(90  -  a)] 


) 


and 


cov  (X  ,Y)  =  paxoy 


By  using  these  rotational  equations,  the  bivariate  normal  distribution  with 
respect  to  any  desired  rotated  coordinates  can  be  obtained  from  sample 
estimates  that  have  been  computed  with  respect  to  a  specific  axis.  The 
marginal  distributions  after  rotation  are  also  normally  (univariate)  distri¬ 
buted.  By  using  the  rotational  equations,  computational  efforts  are 
greatly  reduced  for  applications  requiring  statistics  with  respect  to  several 
coordinate  axes. 

Appendix  A  presents  some  illustrative  examples  for  the  wind  statis¬ 
tics  of  the  specific  RRA. 


CHAPTER  III.  STATISTICS  OF  THERMODYNAMICS  QUANTITIES 

AND  MODELS 


A.  General  Considerations 
A.l.  Objectives 

The  objectives  inherent  in  developing  the  thermodynamic  section  of 
the  RRA  were  to  describe  the  thermodynamic  characteristics  of  the  atmos¬ 
phere  using  a  minimum  of  data  tabulations.  A  set  of  parameters  was 
selected  which,  together,  thermodynamically  describe  the  climatological 
state  of  the  atmosphere.  These  parameters  are  the  pressure,  temperature, 
density,  dew  point,  virtual  temperature,  and  water  vapor  pressure. 

Used  together,  these  parameters  permit  the  calculation  of  a  large  number 
of  derived  quantities.  Some  of  these  quantities,  such  as  the  speed  of 
sound,  are  dealt  with  in  Section  III.E. 

The  probability  distribution  of  each  of  the  six  thermodynamic  RRA 
parameters  is  described  by  its  mean  value,  its  standard  deviation,  and 
its  skewness.  Several  of  these  parameters  (temperature,  pressure,  dew 
point  and  density)  have  probability  distributions  which  are  close  to  a 
univariate  normal  distribution;  the  others  do  not.  The  skewness  parameter 
gives  an  estimate  of  the  asymmetrical  departures  of  a  probability 
distribution. 

Hydrostatically  modeled  mean  values  of  pressure  and  density  were 
calculated  (Table  IV),  so  that  users  may  determine  the  departure  of  the 
actual  climatological  values  of  these  parameters  from  hydrostatic  conditions. 
This  was  done  by  hydrostatically  integrating  the  pressure  from  the  lowest 
RRA  data  level  to  the  termination  altitude  of  the  particular  RRA. 


TABLE  D.  LIST  OF  SYMBOLS  USED  IN  CHAPTER  III 


c 

s 

-  Speed  of  sound 

Cd 

Collision  diameter 

E 

Vapor  pressure 

Gravity  at  latitude  ; 

11 

Geopotential  height 

H 

m 

Geopotential  height  at  ; 

1  mandatory  radiosonde 

data  level 

H 

s 

Geopotential  height  at  ; 

i  significant  radiosonde 

data  level 
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TABLE  D.  (Continued) 


Kt  -  Coefficient  of  thermal  conductivity 
L  -  Mean  free  path  length 

M  -  Mean  molecular  weight  of  air  at  sea  level 

M3q  -  Annual  third  moment  of  quantity  Q 
M3q  -  Monthly  third  moment  of  quantity  Q 
n  -  Refractive  modulus 

N  -  Refractive  index 

NA  -  Avogadro's  constant 

Nq  -  Number  of  values  of  quantity  Q 

P  -  Pressure 

Pm  -  Pressure  at  a  mandatory  radiosonde  data  level 

Ps  -  Pressure  at  a  significant  radiosonde  data  level 

Ph  -  Hydrostatically  integrated  mean  monthly  or  annual  pressure 

Q  -  Any  tabulated  RRA  quantity 

R*  -  Universal  gas  constant 

R'  -  Specific  gas  constant  of  dry  air 

r\  r*  -  Parameters  used  in  converting  z  to  h  and  vice  versa 

S  -  Sutherland's  constant,  used  in  the  calculation  of  dynamic 

viscosity 

T  -  Temperature 

T^  -  Dew  point 

Tv  -  Virtual  temperature 

Tvm  -  Virtual  temperature  at  a  mandatory  radiosonde  data  level 

Tvg  -  Virtual  temperature  at  a  significant  radiosonde  data  level 

-  Mean  air  particle  speed 


V 


TABLE  D.  (Concluded) 


V 

c 

-  Mean  collision  frequency 

w 

-  Parameter  used  in  the  hydrostatic  interpolation  of  pressure 
and  density 

Z 

-  Geometric  altitude 

-  Wavelength 

'Q 

-  Skewness  of  quantity  Q 

3 

-  Constant  used  in  the  equation  for  viscosity 

{ 

Ratio  of  specific  heat  at  constant  pressure  to 
constant  volume 

specific  heat  at 

T| 

-  Kinematic  coefficient  of  viscosity 

VI 

-  Dynamic  coefficient  of  viscosity 

p 

-  Density 

,:h 

-  Mean  monthly  or  annual  density  derived  from 

Ph 

-  Standard  deviation  of  the  quantity  Q 

A. 2.  Data  Quality  Control 

Data  limits  derived  from  the  following  parameters  were  used  to 
screen  the  thermodynamic  portion  of  the  RRA  data  base:  temperature, 
pressure,  dew  point  (for  the  0-30  km  portion  only),  and  density  (for  the 
30-70  km  portion  only).  These  limits  were  set  to  plus  and  minus  six 
standard  deviations  from  the  mean  values  of  each  of  these  quantities. 
These  limits  were  used  to  screen  the  thermodynamic  portion  of  the  RRA 
data  base,  according  to  the  procedures  described  in  Section  I.C.  The 
data  base  used  to  generate  the  thermodynamic  portion  of  the  RRA  (Tables 
I,  II,  and  IV)  was  considered  to  be  free  from  errors  if: 

a)  The  skewness  values  of  the  pressure  and  temperature  were 
between  -2.5  and  2.5  at  all  data  levels. 

b)  The  skewness  values  of  the  density  were  between  -3.5  and  3.5 
at  data  levels  between  0  and  30  km. 

c)  The  skewness  values  of  the  density  were  between  -3.0  and  3.0 
at  data  levels  between  30  and  70  km. 

d)  The  skewness  values  of  the  dew  point  were  between  -2.5  and 
2.5  at  all  data  levels  with  more  than  10  data  values. 
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A.  3.  Limitation  of  Thermodynamic  Statistics 

The  correlation  coefficients  between  the  thermodynamic  quantities 
and  the  moisture- related  quantities  were  not  calculated  at  discrete  altitudes 
nor  were  any  of  the  correlations  between  altitudes.  Therefore,  valid  sta¬ 
tistical  dispersion  models  that  require  the  relationship  between  two  or  more 
of  these  quantities  at  the  same  altitude  or  between  altitudes  cannot  be 
derived.  Approximations  for  the  correlation  coefficients  between  pressure, 
virtual  temperature,  and  density  at  discrete  altitudes  may  be  obtained  from 
the  coefficients  of  variation  as  developed  by  Buell  (1970).  The  coefficient 
of  variation  is  the  standard  deviation  divided  by  the  mean.  The  mean 
values  and  the  standard  deviations  are  taken  from  Table  II.  A  model 
for  the  profile  of  monthly  and  annual  mean  pressure,  virtual  temperature, 
and  density  that  is  in  excellent  agreement  with  the  respective  statistical 
mean  values  is  given  by  Table  IV.  This  agreement  results  because  the 
physical  relationships,  given  by  the  hydrostatic  equation  and  the  equation 
of  state,  were  used  to  derive  Table  IV.  When  only  the  monthly  or  annual 
mean  values  for  pressure,  virtual  temperature,  and  density  are  required, 
it  is  recommended  that  Table  IV  be  used. 

B.  Establishing  Data  Samples  at  the  Required  Altitude  Levels 

This  section  describes  the  computational  procedures  used  to  establish 
data  samples  of  the  thermodynamic  RRA  parameters  at  the  RRA  data  levels. 
References  are  cited  only  when  an  equation  given  is  one  of  many  available 
in  the  literature  or  when  an  equation  is  stated  in  an  unusual  form. 

3.1.  Conversion  of  Data  Recorded  in  Geopotential  Heights  to  Geometric 
Altitude 

The  upper  air  rocketsonde  c  >servations  used  to  obtain  the  table 
values  above  30  km  were  recorded  in  terms  of  geometric  altitude  and  can 
be  interpolated  directly  to  the  altitude  intervals  shown  in  the  tables. 
However,  the  radiosonde  observations  used  to  obtain  the  tabular  values 
below  30  km  were  recorded  in  terms  of  geopotential  heights.  The  change 
of  coordinates  from  geopotential  height  to  geometric  altitude  (h  to  z)  is 
accomplished  by  calculating  a  table  of  geopotential  heights  which  correspond 
exactly  to  the  geometric  altitudes  at  which  the  atmospheric  par  meters  are 
tabulated.  The  radiosonde  observations  are  then  interpolated  to  these  geo¬ 
potential  heights.  The  relationship  used  to  calculate  geometric  a'fitude 
from  geopotential  height  is 


H  =  (r'z)/(r*z) 


(49) 


where 


r'  =  gr*/9. 80665 
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and 


r*  =  -2g^/(3 g^y 3 zQ)  . 

g^  is  the  sea  level  gravity  at  the  latitude  $  corresponding  to  the  proper 
location.  This  value  is  given  by  (List,  1968) 


g^  =  9.780356  (1  +  5.2885  x  10'3  sin2<}>  -  5.9  x  10'6  sin2  (2$))  . 

(50) 


9g 


<\>  • 


d  Z 


is  the  rate  of  change  of  gravity  at  the  sea  level.  This  quantity  is 


given  by  the  equation 


9g 


d  Z 


*  =  -3.085462  x  10~6  +  2.27  x  10'9  cos  (2<J>)  -  2  x  10'12  cos  (4<f>) 


2  “  6d) 

The  units  used  for  gravity  are  m/s  ,  while  the  units  for  •  •  ~  ■  are  s 

1  o 


(51) 

-2 


The  resulting  table  of  values  of  H  obtained  by  using  even  increments 
of  2  in  equation  (49)  is  shown  in  Table  IV  of  the  RRA.  The  values  of 
H  above  30  km  are  not  used  in  the  interpolation  of  original  data  but  are 
included  for  the  convenience  of  the  user. 


B.2.  Calculations  on  the  Original  Rawinsonde  Data  Records 


It  was  necessary  to  interpolate  the  information  from  the  original 
rawinsonde  data  records  to  the  geometric  altitudes  specified  as  the  RRA 
data  levels.  The  parameters  for  which  this  interpolation  was  required 
were  the  temperature,  dew  point,  and  pressure.  The  other  parameters 
were  calculated  from  the  interpolated  values  at  each  RRA  data  level. 
These  "derived"  parameters  were  the  water  vapor  pressure,  density,  and 
virtual  temperature. 


B.2.1.  Calculation  of  the  Geopotential  Height  at  Significant  Levels 


Two  somewhat  different  interpolation  procedures  were  used  to  obtain 
data  at  the  levels  shown  in  the  tables  from  radiosonde  and  rocket  sonde 
observations.  The  procedure  used  to  interpolate  radiosonde  observations 
begins  with  the  calculation  of  virtual  temperature  at  each  data  level  in  a 
sounding.  The  virtual  temperature  was  computed  by 


31 


(52) 


Tv  =  T /( 1 .  -  0.379  (e/p)) 


where  Tv  and  T  are  in  degrees  K  and  e  and  p  are  in  millibars. 

The  radiosonde  soundings  contain  a  mix  of  data  taken  at  "mandatory" 
and  "significant"  levels.  Pressure,  temperature,  and  dew  point  informa¬ 
tion  was  given  in  these  soundings  at  both  types  of  levels.  However,  geo¬ 
potential  height  information  was  only  given  at  the  mandatory  levels.  The 
heights  at  the  significant  levels  were  "filled  in"  (calculated)  hydrostatically 
using  pressure  and  temperature  data  from  these  levels.  This  procedure 
permitted  the  use  of  most  of  the  signi  >cant  level  data  in  the  calculation 
of  the  RRA  tables.  The  equation  used  for  this  process  was 


H  =  Hm  +  29.2712617  *  >— VS  ~ — —  *  ln(P  /P  )  ,  (53) 

s  l  s  m 


where  the  subscripts  s  and  m  denote  quantities  at  significant  and  manda¬ 
tory  levels.  This  equation  was  not  used  if  the  difference  between  two 
adjacent  mandatory  levels  was  greater  than  200  mb.  All  soundings  with 
such  data  gaps  were  rejected  for  use  in  compiling  the  RRA. 

B.2.2.  Temperature 

Radiosonde  temperatures  were  interpolated  logarithmically  with 
respect  to  pressure  using  the  equation 


T 


=  Tu  +  (Tl-  tu> 


lnp  -  lnpL 

lnPu  -  '"Pl 


(54) 


where  the  subscripts  U  and  L  indicate  values  at  the  nearest  data  levels 
in  the  actual  sounding  above  and  below  the  interpolated  level. 

B.2.3.  Pressure 

The  pressure  values  in  each  radiosonde  sounding  were  interpolated  to 
the  RRA  data  levels  using  the  equation 

p  =  pL  exp 


_  L  nU 

29.2712617  (0.5)  (T 
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where  the  subscript  L  indicates  virtual  temperature,  geopotential,  and 
pressure  values  at  the  data  level  below  and  closest  to  the  level  at  which 
data  were  required. 

B.2.4.  Dew-Point  Temperature 

Dew-point  values  were  interpolated  logarithmically  with  respect  to 
pressure  using  the  equation 


Td  =  TdU  +  <TdL 


TdU> 


'lnp  -  lnpL 
,lnpu  -  tap 


(56) 


The  subscripts  U  and  L  indicate  data  at  the  nearest  upper  and  lower 
data  levels  in  a  sounding. 

B.2.5.  Derived  Water  Vapor  Pressure 

The  water  vapor  pressure  is  calculated  from  the  interpolated  dew¬ 
point  values  at  the  RRA  data  levels  using  Teten's  approximation: 

7.5(Td  -  273.15)/(Td  -  35.86) 

e  =  6.11  mb  x  10  .  <57> 


B.2.6  Derived  Density 

The  density  values  derived  from  radiosonde  observations  were 
calculated  at  the  RRA  data  levels  using  the  equation 


p  =  348.36787  p /T 

v 


(58) 


B.2.7  Derived  Virtual  Temperature 

The  virtual  temperature  values  are  calculated  at  the  RRA  data 
levels  for  each  sounding  using  the  equation 


Ty  =  T /( 1  -  0.  379(e/p) ) 


(59) 


where  Tv  and  T  are  in  degrees  K  and  p  and  e  are  the  pressure  and 
vapor  pressure,  respectively,  in  millibars. 


33 


r 


h 


D 


1 

! 


B.3.  Calculations  on  the  Original  Rocketsonde  Data  Records 

The  rocketsonde  data  records  used  to  calculate  the  RRA  table  values 
above  30  km  were  given  in  terms  of  geometric  altitude.  For  this  reason, 
slightly  different  calculations  were  required  to  convert  the  recorded  data 
values  to  values  at  the  RRA  data  levels.  The  pressure,  temperature,  and 
density  were  all  interpolated  to  the  RRA  data  levels;  moisture- related 
parameters  (virtual  temperature,  water  vapor  pressure,  and  dew  point) 
were  not  calculated,  since  atmospheric  moisture  at  altitudes  above  30  km 
was  considered  to  be  negligible. 

No  interpolation  was  done  across  gaps  in  the  pressure  or  temperature 
data  within  a  sounding  larger  than  7000  m.  Data  values  at  the  RRA  levels 
within  such  a  gap  were  set  to  missing. 

B.3.1.  Temperature 

Rocketsonde  temperatures  were  interpolated  linearly  with  respect 
to  geometric  altitude  using  the  equation 


T  =  Tu  +  <TL  -  Tu> 


(60) 


where  the  subscripts  U  and  L  indicate  values  at  the  nearest  data  level 
in  the  actual  sounding  above  and  below  the  interpolated  level. 

B.3.2.  Pressure 

The  pressure  values  in  each  rocketsonde  sounding  were  interpolated 
to  the  RRA  data  levels  using  the  equation 


P  =  Pj  exp 


R* 


M(Z  -  ZL) 
Tv 


(61) 


where  Tv 


Tl'u  +  Tvl 
2 


and  W 


_ r* 

(r*  +  Z  + 
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B.3.3  Density 


Rocketsonde  density  values  were  interpolated  using  the  equation 


p  =  PL  exp 


R* 


<Z  -  ZL> 

T~v 


(62) 


where  W  is  specified  in  Section  III.  B.  3. 2. 

C.  Computation  of  Statistical  Parameters  for  Tables  II  and  III 

The  procedure  used  for  computing  the  monthly  and  annual  means, 
standard  deviations,  and  skewness  values  from  the  data  values  at  the 
RRA  data  levels  was  accomplished  in  three  steps.  Initially,  certain  sta¬ 
tistical  sums  were  calculated  and  stored  as  the  soundings  in  the  data  base 
were  processed.  These  sums  were  then  used  to  calculate  the  monthly 
statistics  given  in  the  RRA  tables.  The  annual  statistics  were  then  cal¬ 
culated  from  these  stored  sums  and  the  monthly  statistics. 

C.l.  Stored  Statistical  Sums 

The  sums  which  were  calculated  were 


£q,  £Q2,  and  £q3 


where  Q  is  any  one  of  the  quantities  given  in  the  thermodynamic  part  of 
the  RRA. 

C.2.  Calculation  of  the  Monthly  Statistics 
C.2.1.  Monthly  Means 

The  mean  monthly  values  of  the  thermodynamic  RRA  quantities 
were  calculated  using  the  equation 


Q=  Z«/Nq 


where  Nn  is  the  number  of  observed  values  of  the  quantity  Q  for  a 
given  month. 


C.2.2  Monthly  Standard  Deviations 

The  monthly  standard  deviations  of  the  thermodynamic  RRA  quanti¬ 
ties  were  calculated  using  the  equation 


(NqZ’Q2)  -  (ZQ)2 


Q 


(Nq  -  » 


(63) 


C.2.3  Monthly  Skewness  Values 

The  monthly  skewness  values  of  the  wind  speed  and  of  the  thermo¬ 
dynamic  RRA  quantities  are  calculated  using  the  equation 


a 


Q 


where  M3  is  the  third  moment  of  the  quantity  Q,  o  is  its  standard 
deviation ,  and 


M 


3Q 


Q 


3Vq‘ 
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Q 


N 


Q 


N‘ 


Q 


N' 


Q 


N 


Q 


<NQ  -  »  (Nq  -  2) 


(64) 


C.3.  Calculation  of  the  Annual  Statistics 

Equations  (63)  and  (64),  used  to  calculate  the  monthly  values  of  the 
standard  deviations  and  skewness  values,  involve  taking  the  differences 
between  two  pairs  of  large  sums  containing  Q**2  and  Q**3,  where  Q  is 
any  thermodynamic  RRA  quantity.  Using  these  equations  to  compute  the 
annual  statistics  would  have  resulted  in  a  substantial  loss  of  precision, 
as  these  sums  become  larger  by  several  orders  of  magnitude  in  such  a 
case.  This  problem  was  avoided  by  calculating  the  annual  means,  stan¬ 
dard  deviations,  and  skewness  values  from  the  monthly  statistics. 

C.3.1.  Annual  Mean  Values 

The  annual  mean  values  of  the  thermodynamic  RRA  quantities  were 
calculated  using  the  equation 


QANN  ~  QA/NQ 
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where  QA  is  the  total  of  all  observed  values  of  Q  and  Nq  is  the  total 
number  of  observations  of  Q. 

C.3.2.  Annual  Standard  Deviations 

The  annual  standard  deviations  of  the  thermodynamic  RRA  quantities 
were  calculated  using  the  equation 


12 


12 


jQANN  "  /nq  <NQi  °Qi2>  +  ^  (NQi  ^i2)  "  QANN 


(65) 


where  N^.  =  the  number  of  data  values  for  Q  in  month  i  (i  =  1  to  12) 
and  Qi  =  the  monthly  mean  of  Q  and  o^.  =  the  standard  deviation  of 
quantity  Q  in  month  i. 

C.3.3.  Annual  Skewness  Values 

The  annual  skewness  values  of  the  thermodynamic  RRA  quantities 
are  calculated  using  the  equation 


12  12 

M3QANN  =  S  (NQi  M3Qi)  +  NQann  ^  (Nqi  ^i  °Qi2) 


1  V  fN  n  3>  3QANN  y  n  2 

nqann  i?i  Qi  Qi  }  N0 . ^  qi  Qi  } 


nqann  &  '  qi 


SvNN  y  /N  a  4.  3 

nq^-n  &  (NQi  aQi  QANN 


(66) 


where  =  the  third  moment  about  the  mean  of  quantity  Q  in  month  i 
and  M3Q  =  the  annual  third  moment  about  the  mean  of  the  quantity  Q. 


i 
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D.  Derived  Monthly  Mean  and  Annual  Mean  Model  Atmospheres 

A  set  of  modeled  monthly  mean  and  annual  mean  hydrostatic  values 
of  pressure  and  density  was  calculated  from  the  lowest  RRA  data  level 
(0  km,  mean  sea  level)  upwards  to  30  km,  and  from  30  km  upwards  to 
70  km.  The  integration  from  0  to  30  km  was  computed  independently  of 
the  integration  from  30  to  70  km  because  of  the  difference  in  data  sources. 
The  two  different  values  for  30  km  are  provided  for  comparison.  When 
30  km  data  are  required,  the  values  given  in  the  0  to  30  km  table  should 
be  used.  These  hydrostatically  modeled  mean  values,  which  are  given  in 
Table  IV,  are  useful  as  a  check  on  the  validity  of  the  pressure  and  den¬ 
sity  values  given  in  Table  II.  In  most  cases,  the  values  in  Tables  II  and 
IV  for  any  given  data  level  are  within  1  percent  of  each  other.  The 
hydrostatic  pressure  values  in  Table  IV  were  calculated  using  the  equation 


/  0.034162  (H1  -  Hq)\ 

Pl=  pQ  exp  o:5'Tt“"+  Tv  ) - J  ’  (67) 

where,  is  in  meters  and  a  "0"  subscript  refers  to  values  at  the 

RRA  data  level  immediately  below  the  level  being  checked.  pQ  at  the 

lowest  data  level  is  set  equal  to  the  RRA  mean  pressure;  Pj,  calculated 

for  the  next  highest  data  level,  is  taken  as  pQ  for  the  level  above  that. 

This  process  is  repeated  for  all  the  other  RRA  data  levels.  The  hydro¬ 
static  density  corresponding  to  the  hydrostatic  pressures  is  calculated 
from  these  pressures  and  the  RRA  virtual  temperature  values  using  the 
formula 


PH  =  348.36786  Ph/Tv  ,  (68) 


where  and  are  the  hydrostatic  density  and  pressure  shown  in 
Table  IV  of  the  RRA. 

E.  Thermodynamic  Quantities  Derivable  from  the  Basic  Tables 

Several  other  quantities  can  be  calculated  from  the  statistics  listed 
in  Tables  II  and  III.  The  equations  given  in  this  section  can  be  used  to 
calculate  the  approximate  mean  values  of  these  quantities  at  each  RRA 
data  level.  It  is  not  possible  to  infer  or  derive  any  information  concerning 
the  standard  deviation  or  skewness  values  of  these  quantities  from  the 
data  in  Tables  II  and  III  of  the  RRA. 
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TABLE  E.  LIST  OF  PRIMARY  PHYSICAL  CONSTANTS 


Pq  =  standard  atmospheric  pressure  at  sea  level 
=  1.013250  x  105  Newton/m2  =  2116.22  lb/ft2 

r»Q  =  standard  atmospheric  density  at  sea  level 
=  1.2250  kg/m3  =  0.076474  lb/ft3 

Tq  =  standard  temperature  at  sea  level  =  288.15  K  =  15.0°C  =  59.0°F 

gQ  =  standard  gravity  at  sea  level  at  latitude  45°32'33" 

=  9.  80665  m/s2 

s  =  Sutherland's  constant  used  in  calculation  of  dynamic  viscosity 
=  110.4  K 

Tj  =  ice-point  temperature  at  PQ  =  273.15  K 

3  =  constant  used  in  calculation  of  dynamic  viscosity 

=  1.458  v  10  **  kg/sec  m 
=  7.3925  x  10" 7  lb/sec  ft  R* 

Y  =  ratio  of  specific  heat  of  air  at  constant  pressure  to  specific 
heat  of  air  at  constant  volume 
=  1.4 

CD  =  mean  effective  collision  diameter  of  air  molecules 
=  3.65  x  10" 10  m  =  1.1975  >  10~9  ft 

N^  =  Avogodro's  constant 

=  6.022169  x  1026/kg  mol  =  2.73179  x  1026/lb  mol 

R*  =  gas  constant  =  8.31432  Joule/mol  K 

2 

R'  =  gas  constant  for  dry  air  =  2.  8704  x  10  Joule/kg  K 

M  =  molecular  weight  of  dry  air  =  28.966  gm/mol 
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E.l.  Mean  Air-Particle  Speed 

The  mean  air  particle  speed,  V,  is  the  arithmetic  average  of  the 
speeds  of  all  air  particles  in  the  volume  element  being  considered.  For 
a  valid  average  to  occur,  there  must  be  a  sufficient  number  of  particles 
ir. /olved  to  represent  mean  conditions.  The  equation  for  "V"  for  dry  air 
is: 


(69) 


A  computational  form  for  dry  air,  using  tabulated  values,  is: 


./ 


7.3094  x  10  x  T  ,  (m/s) 


(70) 


where  T  is  the  temperature  in  degrees  K  from  Table  II.  Equation  (69), 
when  corrected  for  moist  air,  becomes: 


V 


•  R'  T 


v 


(71) 


The  computational  form  for  moist  air  is: 


=  fl. 


3094  •  10 


(m/s) 


(72) 


where  Ty  is  the  virtual  temperature  in  degrees  K  from  Table  III. 

E.2.  Mean  Free  Path 

The  mean  free  path,  L,  is  the  mean  value  of  the  distance  traveled 
by  each  neutral  air  particle,  in  a  selected  air  parcel,  between  successive 
collisions  with  other  particles  in  that  parcel.  A  meaningful  average 
requires  that  the  selected  parcel  be  large  enough  to  contain  a  substantial 
number  of  particles.  The  equation  for  L  is  given  by: 
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where  C  ,  is  the  effective  collision  diameter  of  the  mean  air  molecules. 

d  -10 
The  1976  standard  atmosphere  value  of  3.65  x  10  is  valid  for  the  range 

of  altitudes  in  the  RRA. 

A  computational  form  for  moist  air,  using  tabulated  values,  is: 

L  =  2.335  x  io-7  |  (meters)  ,  (74) 


where  T  is  the  temperature  in  degrees  K  from  Table  II  and  P  is  the 
pressure,  in  mb,  from  Table  II. 

A  form  of  (73)  to  correct  L  for  moist  air  is: 


_  //~2\R,MTv 

'  2t  '  N  C  2 
a  d 


(75) 


The  computational  form  for  moist  air  is: 

T 

L  =  2.3325  x  io"7  (meters)  ,  (76) 


where  Tv  is  the  virtual  temperature  in  degrees  K  from  Table  III  and  P 
is  the  pressure  in  mb  from  Table  II. 


E.3.  Mean  Collision  Frequency 

The  mean  collision  frequency  V  is  considered  to  be  the  average 
speed  of  air  particles  contained  in  ancair  parcel  divided  by  the  mean  free 
path  of  the  particles  inside  that  parcel.  Computationally  this  is  equiva¬ 
lent  to: 


V 

c 


) 


(77) 
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To  determine  V  for  dry  air,  use  V  and  L  from  equations  (70) 

and  (74).  To  determine  V  for  moist  air,  use  V  and  L  from  equations 
(72)  and  (76). 

E.4.  Speed  of  Sound 

The  expression  for  the  speed  of  sound,  C  ,  in  dry  air,  in  m/s  is 

s 


(78) 


To  compute 


Cg  for  dry  air  from  tabulated  values, 


use: 


C 

s 


/i.  0185  x  102  x  T 


(m/s) 


(79) 


where  T  is  the  temperature  in  degrees  K  from  Table  II.  One  form  for  the 
speed  of  sound  in  moist  air  is: 


C 


s 


/yR'Tv 


(80) 


where  Ty  is  the  virtual  temperature  from  Table  III.  A  computational 
form  for  moist  air  is: 


C 

s 


0185  x  10 


1 


T 

v 


(m/s) 


(81) 


E  .  5.  Dynamic  Coefficient  of  Viscosity 

The  coefficient  of  dynamic  viscosity,  ;i  ,  is  defined  as  a  coefficient 
of  internal  friction  developed  where  gas  regions  move  adjacent  to  each 
other  at  different  velocities.  The  following  expression  is  taken  from  the 
U.S.  Standard  Atmosphere  (1976): 


T  +  S 


(82) 
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The  computational  form  is: 


(1.458  x  10'6)  T372 
T  +  110.4 


(83) 


where  T  is  temperature  in  degrees  K  from  Table  II. 


E.6.  Kinematic  Coefficient  of  Viscosity 

The  kinematic  coefficient  of  viscosity,  designated  as  n ,  is  defined 
to  be  the  ratio  of  the  dynamic  coefficient  of  viscosity  of  a  gas  to  its 
density,  or: 


n  -  u/p 


(84) 


The  computational  form  is: 

n  =  1.0  x  io3  p/ p  ,  (m2/s)  ,  (85) 


where  u  is  the  dynamic  coefficient  of  viscosity  from  equation  (83)  and  p 

.  3 

is  the  density  in  g  m  from  Table  II. 

E.7.  Coefficient  of  Thermal  Conductivity 

The  empirical  expression  used  for  the  coefficient  of  thermal  conduc¬ 
tivity,  designated  as  ,  is  given  in  the  1976  Standard  Atmosphere  as: 

„  2.65019  x  i(f 3  *  T3/2  ,  /OCN 

K.  =  - n s-7arr  ,  (watts/m-deg  K)  (86) 

1  T  +  245.  4  x  lO"^'1' 


where  T  is  in  degrees  K. 


E.8.  Refractive  Modulus  and  Refractive  Index 

The  refractive  modulus  or  refractivity  (Selby  and  McClatchey,  1975; 
Smith  and  Weintraub,  1953)  is  defined  as  N,  where 
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(87) 


N  =  (n  -  1)  •  106 


and  n  is  the  refractive  index. 

For  microwave  frequencies  below  approximately  30  GHz  (equivalent 
to  wavelengths  above  1  cm),  N,  the  refractive  modulus,  is  given  by  the 
empirical  equation 


N  =  77.6  Jr-  +  3.73  *  105  -4*-  (dimensionless) 
Td  x 


(88) 


where  E  and  P  are  in  millibars  and  T  and  Td  are  in  degrees  K. 

The  following  expression  is  valid  for  the  visible  and  infrared  wave¬ 
lengths  shorter  than  approximately  30  pm  (0.03  mm). 


N  -  77.6  +  0.584  dimensionless 


(89) 


where  X  is  the  wavelength  in  microns  and  T  is  in  degrees  K. 

The  expression  for  N  for  the  wavelength  from  0.03  mm  to  1  cm  is 
an  extremely  complex  function  of  wavelength. 
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CHAPTER  IV.  CONCLUSIONS  AND  RECOMMENDATIONS 


Conclusions 

This  document  satisfies  the  technical  objectives  established  for  the 
Range  Reference  Atmosphere  committee  by  the  Range  Commanders  Council 
Meteorology  Group.  Upper  air  statistics  and  models  for  wind  and  thermo¬ 
dynamic  quantities  for  the  specific  site  have  been  derived  in  a  consistent 
and  uniform  manner  which  will  be  used  in  publications  for  all  other 
assigned  site  locations.  These  Range  Reference  Atmospheres  represent 
an  improvement  over  the  previously  published  Range  Reference  Atmos¬ 
pheres  because  of  the  availability  of  more  extensive  upper  air  data  bases 
and  the  adaptation  of  more  advanced  statistical  techniques.  A  statistical 
measure  of  central  tendency  (mean  values)  and  a  measure  of  dispersion 
(standard  deviation  with  respect  to  the  mean  values)  for  monthly  and 
annual  reference  periods  have  been  tabulated  for  all  variables  in  a  con¬ 
sistent  manner  from  data  bases  that  have  been  edited  and  quality  con¬ 
trolled  in  the  same  manner.  Further,  a  statistical  measure  for  symmetry 
(skewness  coefficient  which  involves  the  third  statistical  moment)  has 
been  tabulated  for  all  variables  except  the  zonal  and  meridional  wind 
components.  Even  with  these  improvements,  the  user  of  these  Range 
Reference  Atmospheres  must  recognize  certain  limitations  of  the  statistical 
tabulations.  Namely: 

1)  The  wind  profile  structure  with  respect  to  altitude  cannot  be 
modeled  from  the  RRA  statistics  because  the  inter-level  and  cross-level 
correlations  were  not  computed. 

2)  The  profile  structure  with  respect  to  altitude  for  any  of  the 
thermodynamic  variables  or  any  quantities  derivable  from  these  variables 
cannot  be  modeled  because  the  prerequisite  correlations  were  not  computed. 
However,  the  profile  of  monthly  and  annual  means  for  pressure,  virtual 
temperature,  and  density  are  in  agreement  (Table  IV)  with  the  hydrostatic 
equation  and  the  equation  of  state. 

The  preceding  limitations  are  cited  to  prevent  a  misuse  of  the  RRAs. 
More  extensive  statistical  tabulations  were  beyond  the  scope  of  this  com¬ 
mittee's  task.  As  greater  insight  is  gained  through  usage  of  these  RRAs, 
many  adaptations  of  the  statistical  tabulations  for  specific  engineering  and 
scientific  applications  are  envisioned. 

Recommendations 

It  is  recommended  that  the  wind  and  thermodynamic  statistical  tabu¬ 
lations  and  attendant  models  contained  in  the  RRAs  be  used  as  a  standard 
reference  source,  as  may  be  appropriate,  by  the  Ranges  and  Range  users. 
It  is  further  recommended  that  the  respective  Range  Staff  Meteorologist 
or  responsible  agency  staff  member  be  consulted  for  the  applicability  of 
the  Range  Reference  Atmospheres  for  specific  engineering  applications. 
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CONVERSION  UNITS 


J 

Physical  Constants  and  Conversion  Factors 

Numerical  values  in  this  document  are  given  in  the  International 
System  of  Units  (SI,  Systeme  International  d'Unit<L).  The  values  in 
parentheses  are  equivalent  U.  S.  Customary  Units,  which  are  English 
units  adapted  for  use  by  the  United  States  of  America.  The  SI  and  U.  S. 
Customary  Units  provided  in  Table  F  are  those  normally  used  for  measuring 
and  reporting  atmospheric  data. 

By  definition,  the  following  fundamental  conversion  factors  are  exact: 

Type  U.  S.  Customary  Units  Metric 

Length  1  U.  S.  yard  (yd)  0.9144  meter  (m) 

Mass  1  avoirdupois  pound  (lb)  453. 59237  gram  (g) 

Time  1  second  (s)  1  second  (s) 

Temperature  1  degree  Rankine  (°R)  9/5  degree  Kelvin  (°K) 

To  aid  in  the  conversion  of  units,  conversion  factors  based  on  the 
above  fundamental  conversion  factors  are  given  in  Table  F. 
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TABLE  F.  FACTORS  FOR  CONVERSION  UNITS 


i-hnol  i'\act  w»*mer*ton  Ij*  i *»r 


TABLE  F.  (continued) 
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TABLE  1-2.  WIND  STATISTICAL  PARAMETERS 


FEBRUARY 


STATION 

•  747940 

CAPE  CANAVERAL 

Z 

MEAN  U 

S.O.  U 

RIU.VI 

MAN  V 

KM 

M/S 

M/S 

M/S 

.003 

.95 

2.88 

-.2441 

-.64 

1.000 

3.89 

7.10 

.0019 

1.31 

3.000 

8.25 

7.61 

.0703 

1.58 

3.000 

12.24 

7.98 

.0992 

1.80 

4.000 

15.88 

8.77 

.1049 

2.» 

5.000 

19.75 

9.85 

.1214 

3.00 

6.000 

23.62 

10.89 

.1674 

3.61 

7.000 

27.33 

12.01 

.2255 

4.23 

e.ooo 

31.10 

13.27 

.2382 

4.56 

9.000 

34.85 

14.57 

.2235 

4.74 

10.000 

38.72 

15.66 

.2339 

4.67 

11.000 

41.70 

16.0! 

.2396 

4.25 

12.000 

44.48 

15.41 

.2197 

4.46 

13.000 

44.20 

14.10 

.2531 

4.46 

14.000 

40.97 

13.01 

.2632 

4.00 

15.000 

36.52 

11.15 

.2550 

3.53 

16.000 

31.36 

9.84 

.2305 

3.13 

17.000 

25.66 

8.80 

.2221 

2.41 

18.000 

19.71 

8.35 

.2307 

1.68 

19.000 

13.57 

7.52 

.2877 

1.28 

20 . 000 

9.00 

6.84 

.3468 

.68 

21 .000 

6.17 

7.07 

.3594 

-.05 

22  COO 

4.78 

8.04 

.3615 

-.42 

23.000 

4.07 

7.62 

.3222 

-.46 

24.000 

3.72 

8.71 

.3311 

-.31 

25.000 

3.70 

9.51 

.2351 

.06 

26.000 

4.20 

9.49 

.2374 

.44 

27.000 

5. 16 

9.85 

.2466 

.78 

28.000 

6.15 

10.22 

.1955 

1.30 

29.000 

8.25 

10.82 

.2804 

1.86 

30.000 

10.50 

11.23 

.3000 

2.48 

32.000 

15.09 

13.11 

.4269 

2.73 

34.000 

16.58 

14.64 

.3381 

1.22 

36.000 

14.53 

15.36 

.2646 

-.75 

33.000 

12.09 

16.60 

.2709 

.01 

HO. 000 

10.20 

18.41 

.0997 

1.04 

42.000 

9.38 

19.01 

.0105 

3.46 

44.000 

10.98 

19. 16 

.0868 

6.39 

46.000 

12.92 

21.02 

.1373 

7.43 

48.000 

15.67 

22.74 

.1909 

8.18 

50.000 

18.89 

22.86 

.1345 

8.67 

52.000 

22.59 

23.26 

.1939 

8.81 

54.000 

27.28 

22.08 

.2773 

8.57 

56.000 

34.85 

21.34 

.2476 

12.28 

58.000 

41.01 

20.84 

.3470 

14.98 

60.000 

46  86 

20.79 

.24  36 

15.12 

62.000 

50.67 

22.98 

.3723 

1 1 .54 

64 . 000 

55.74 

18.40 

.1697 

6.51 

66  000 

57.25 

19.22 

.1079 

-.45 

68.000 

56.07 

17.87 

.2619 

-8.  14 

70.000 

49.27 

20.28 

.2182 

•10.89 

S.D.  V 

MAN  US 

S.O.  US 

SKEW  MS 

Noes 

M/S 

M/S 

M/S 

3.76 

4.21 

2.45 

.58 

796. 

6.92 

9.24 

5.45 

.92 

797. 

6.69 

11.32 

6.72 

.88 

797. 

7.12 

14.43 

7.69 

.68 

796. 

7.68 

17.82 

8.71 

.55 

789. 

8.59 

21 .68 

9.98 

.52 

788. 

9.32 

25.58 

11.04 

.40 

789. 

10.15 

29.43 

12.08 

.29 

787. 

11.33 

33.41 

13.26 

.23 

780. 

12.50 

37.3b 

14.42 

.10 

774. 

13.52 

41.35 

15.45 

-.02 

765. 

14.03 

44.28 

15.78 

-.06 

741. 

14.02 

46.85 

15.40 

.03 

738. 

13.03 

46.28 

14.12 

.13 

726. 

11.09 

42.68 

12.84 

.23 

710. 

9.08 

37.02 

11.05 

.12 

707. 

7.95 

32.52 

9.76 

.14 

702. 

6.8* 

26.70 

8.70 

.21 

690. 

5.69 

20.65 

8.19 

.31 

687. 

4.46 

14.47 

7.26 

.63 

604. 

3.43 

10.17 

6.06 

.91 

682. 

3.29 

8.18 

5.65 

1.37 

670. 

3.60 

8.17 

5.81 

1.39 

663. 

3.18 

7.51 

5.34 

1.22 

659. 

3.39 

8.19 

5.84 

1.31 

648. 

3.44 

8.80 

6.20 

1.30 

63B. 

3.42 

9.04 

6.14 

1.12 

616. 

3.48 

9.65 

6.56 

1.09 

563. 

3.81 

10.51 

6.92 

.96 

533. 

4.16 

12.29 

7.41 

.84 

372. 

4.31 

14.01 

8.02 

.68 

361. 

6.68 

17. B9 

11.43 

.51 

111. 

5.99 

19.30 

12.30 

.73 

112. 

6.57 

18.95 

11.42 

.53 

116. 

7.22 

19.08 

10.40 

.34 

117. 

7.87 

19.56 

11.00 

1.07 

118. 

8.18 

19.68 

11.75 

.62 

120. 

9.58 

21 .29 

12.84 

.73 

120. 

10.87 

24.07 

14.14 

.73 

120. 

11.41 

27.29 

14.54 

.66 

120. 

12.00 

29.59 

15.45 

.61 

118. 

12.55 

32.29 

15.49 

.45 

117. 

13.34 

34.96 

16.05 

.29 

115. 

14.50 

41.65 

17.13 

.15 

no. 

13.60 

47.00 

17.69 

-.14 

95. 

13.99 

51 .89 

18.87 

-.33 

82. 

14.3 8 

54.32 

21.91 

-.45 

53. 

15.74 

58.43 

17.76 

-.47 

44. 

17.40 

59.87 

18.88 

-.12 

39. 

13.65 

58.57 

16.67 

.•'3 

30. 

17.35 

53.93 

18.35 

-.04 

27. 
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TABLE  1-3.  WIND  STATISTICAL  PARAMETERS 
MARCH 


station  - 

7*479*40 

z 

MEAN  U 

KM 

M/S 

.003 

.29 

1.000 

2.6*4 

s.ooo 

6.65 

3.000 

10.3*4 

9  .000 

1*4. 0*4 

S.OOO 

17.80 

6. GOO 

21.31 

7.000 

2*4.88 

8.000 

28.38 

9.000 

31. 7F 

10.000 

35.62 

11.000 

38.88 

12.000 

>41.71 

13.000 

>41.88 

It. 000 

39.07 

IS. 000 

35.15 

16.000 

29.77 

17.000 

23.61 

ie.ooo 

17.12 

19.000 

11.18 

£0-000 

6.95 

21.000 

3.89 

22.0CO 

1.93 

23. COO 

.99 

2*4.000 

.32 

25.000 

.59 

20.000 

1.26 

27.000 

2.  *4*4 

28.CC0 

3.76 

29. COO 

6.2*4 

30.000 

8.2*4 

32.000 

1*4.72 

2*4.000 

17.21 

36  000 

15.16 

38.000 

13.76 

*40.000 

1*4.35 

>*2.000 

15.31 

*4*4.noo 

16.92 

**6.000 

18. 60 

**8.  OCO 

20. 7S 

50 . OCO 

2*4.21 

52  000 

27.09 

5*4 .  OCO 

27.57 

56.000 

29.09 

58.000 

30.60 

60.000 

3*4.30 

62  000 

35. 3*4 

6>*.000 

33.95 

66.000 

27.67 

68.000 

19.5*4 

70.000 

13.93 

CAPE  CANAVERAL 


.0.  U 

RIU.V) 

M/S 

2.98 

-.2163 

6.85 

.0037 

7.38 

.0380 

8.1*4 

.0776 

9.08 

.0922 

10.09 

.1597 

10.93 

.1961 

11.75 

.1988 

12.82 

.1720 

13.50 

.1718 

1*4. 5*4 

.1723 

1*4.77 

.1729 

1*4. 2*4 

.2097 

12  63 

.2369 

11.09 

.2390 

9.8*4 

.22**3 

8.38 

.1639 

7.27 

.1569 

6.88 

.1918 

5.93 

.2091 

5.12 

.2989 

5.31 

.2221 

5.77 

.1113 

5.5*4 

.0522 

6. *49 

.0553 

7. 1*4 

.0708 

7.57 

.0675 

8.11 

.1905 

8.93 

.  1928 

9. >48 

.2922 

10.29 

.3232 

10.32 

.3831 

12.87 

.2996 

13.72 

.1118 

1*4.29 

.2286 

16.29 

.3232 

18. 19 

.3171 

19.95 

.  1999 

20.29 

.0739 

20.09 

.09  75 

20.95 

.1093 

21.27 

-.0191 

20.28 

-.1321 

20.35 

.0237 

21.01 

.2356 

21.79 

.3368 

21.60 

.2799 

23.65 

.3191 

23.71 

.3133 

27.68 

.2353 

27.79 

.3527 

1C  AN  V 

s.o.  V 

M/S 

M/5 

-.21 

3.57 

1.66 

6.38 

1.29 

6.01 

1.00 

6.96 

.75 

6.89 

.66 

7.27 

.72 

7.85 

.98 

8. 88 

1.12 

10.00 

.92 

11.91 

.79 

12.90 

.32 

19.05 

.  19 

19.09 

.98 

12. 19 

.79 

10.09 

1.08 

8.62 

.97 

7.37 

.75 

6.29 

.50 

5.23 

.12 

9.00 

-.32 

3.16 

-.72 

2.78 

-1.11 

3.09 

-.90 

3.03 

-.60 

3.50 

-.99 

325 

-.09 

3.23 

.35 

3.39 

.92 

3.52 

1.31 

3.75 

1.70 

9.00 

2.63 

9.67 

.80 

5.86 

-.81 

5.65 

.19 

6. 19 

2.53 

6.75 

9.21 

7.75 

9.92 

7.94 

6.31 

8.79 

7.86 

7.B1 

8.31 

8.02 

7.90 

9.58 

9.53 

tl  .97 

10.79 

10.16 

11.67 

10.91 

12.97 

13.05 

10.01 

13.73 

7.59 

13.90 

1.26 

13.09 

-3.19 

16.50 

-6.94 

17.13 

MEAN  MS 

S.O.  MS 

M/S 

M/S 

9.00 

2.90 

8.66 

9.72 

9.93 

6.13 

12.75 

7.29 

15.96 

8.98 

19.50 

9.57 

22.96 

10.91 

26.63 

11.31 

30.31 

12.32 

33.95 

13.01 

39.05 

19.10 

91  .99 

19.35 

99.09 

I3.9S 

93.67 

12.91 

90.91 

10.86 

36.25 

9.67 

30.79 

8.17 

29.99 

7.11 

17.97 

6.71 

12.02 

5.62 

7.99 

9.59 

6.03 

3.90 

5.78 

3.78 

5.50 

3.37 

6.33 

3.89 

6.50 

9.95 

6.86 

9.71 

7.51 

5.19 

8.97 

5.99 

10.06 

6.5e 

11.76 

7.30 

17.08 

7.72 

19.93 

9.95 

IB. 91 

10.59 

17.66 

10.82 

19.93 

11.96 

21 .89 

12.73 

29.13 

12.76 

26.76 

12.90 

27.91 

13.27 

31 .01 

13.96 

33.79 

19.12 

39.67 

13.76 

35.50 

19.71 

36.85 

16.17 

91.39 

16.11 

91  .72 

16.06 

90.16 

18.09 

39.63 

17.03 

39.99 

19.88 

31.12 

17.69 

SKEM  US 

NOBS 

.59 

866. 

.80 

870. 

.83 

872. 

.83 

872. 

.72 

871. 

.73 

870. 

.66 

869. 

.50 

866. 

.97 

856. 

.27 

898. 

.25 

892. 

.17 

829. 

.18 

828. 

.21 

819. 

.23 

807. 

.29 

79B. 

.07 

790. 

.07 

773. 

.91 

766. 

.73 

765. 

.89 

760. 

i.10 

799. 

1.69 

792. 

1.39 

729. 

1.39 

715. 

1.75 

702. 

1.83 

683. 

1.59 

629. 

1.90 

610. 

1.10 

938. 

.89 

9£6. 

-.07 

136. 

-.12 

135. 

.27 

135. 

.55 

139. 

.69 

135. 

.72 

136. 

.59 

191  . 

.60 

190. 

.30 

190. 

.21 

190. 

.15 

139. 

.16 

133. 

.50 

129. 

.16 

110. 

-.03 

90. 

-.15 

67. 

.00 

50. 

.23 

93. 

.12 

36. 

.66 

33. 
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TABLE  1-5.  WIND  STATISTICAL  PARAMETERS 


MAY 


STATION 

■  7H79S0 

CAPC  CANAVERAL 

z 

HAN  U 

S.O.  U 

R1U.VI 

HAN  V 

KM 

M/S 

M/S 

M/S 

.003 

-.91 

2.83 

-.0352 

.30 

1.000 

-.13 

S.99 

.1511 

1. 10 

2.000 

.66 

5.71 

•  3S25 

.33 

3.000 

2.  IS 

5.96 

.29S9 

.18 

>•.000 

3.61 

6. S3 

•  22S2 

-.18 

5.000 

5.03 

6.82 

.2102 

-.66 

6.009 

6.56 

7.12 

2056 

-.97 

7.000 

8.13 

7.80 

.2098 

-I.OS 

e.ooo 

9.66 

8.79 

.1895 

-1.05 

9.000 

11.30 

9.73 

.1917 

-1.13 

10.000 

13.33 

10.83 

•  20S6 

-1.30 

11.000 

15.71 

12.03 

•  2s03 

-1.81 

12.000 

18.27 

13.01 

.2759 

-2.50 

13.000 

20.33 

’.3.21 

.3108 

-3.27 

is.ooo 

19.76 

11.77 

.  339S 

-2.65 

15.000 

16.82 

9.60 

.3uS9 

-3. S3 

16. COO 

12.70 

7.88 

.3389 

-3.21 

17.000 

8.07 

6.  S3 

•28S8 

-2.97 

te.coo 

3.52 

5.50 

.2087 

-2.53 

19.000 

-.18 

•*.*♦3 

.21  OS 

-1.96 

20.000 

-2.9S 

3.92 

.0956 

-1.30 

21.000 

->*.90 

3.76 

-.0S06 

-.50 

22.000 

-5.99 

3.72 

-.0036 

-.OS 

22.030 

-6.SS 

3.63 

-  .0s59 

.19 

2S.C30 

-6.70 

3.96 

.0327 

•  S2 

25. COO 

-6.57 

S  .51 

.  1 1S6 

.22 

26. COO 

-6.50 

s.98 

.ICS3 

.01 

27. COO 

-6.28 

5.56 

.0175 

-.12 

28. COO 

-6.  is 

6.00 

.0365 

-.22 

29.000 

-6.01 

6.68 

.0717 

-.39 

30.000 

-5.73 

6.98 

.0952 

-.10 

32. COO 

-**  .  2S 

6.98 

-.0790 

1.02 

3“ . 000 

-2.  IS 

7.67 

.0056 

.83 

36.000 

-3.61 

8.2S 

■  038S 

-,7S 

38.000 

-6.75 

8.3S 

-.21S3 

-.5S 

S0.C30 

-8.80 

7.52 

-.2882 

.05 

>*2.000 

-12.32 

7. SI 

-.0327 

-.02 

**** .  000 

-16.33 

7.50 

.  IS02 

1.26 

>•6.000 

-19. '•B 

8. 12 

.0621 

2.76 

*♦8.000 

-20.76 

8.97 

.1379 

2.78 

50.000 

-23.00 

9.93 

-.0S09 

S.3I 

52.000 

-2S.91 

9.60 

-.1081 

5.55 

5*« .  000 

-25. 55 

10.60 

-.OS 58 

6.71 

56.000 

-25.12 

9.95 

.0681 

5.S2 

58.000 

-26.27 

10.36 

.0933 

5.60 

60 . 000 

-29. 7S 

10.85 

.015S 

S.3I 

62.000 

-29.>*8 

12.62 

-.0630 

1.57 

6S .  000 

-29.03 

13.  IS 

.0226 

1.91 

66.000 

-31 .63 

16. 8S 

.1811 

.»♦ 

68.000 

-32.61 

17.76 

.1501 

-2  31 

70.000 

-36. SB 

16.86 

.2281 

•10.38 

S.O.  V 

HAN  US 

s.o.  us 

SKCU  US 

NOBS 

tvs 

M.S 

M/S 

2.59 

3.37 

2.06 

.60 

82s. 

S.S8 

5.90 

3.37 

1.06 

823. 

S  .60 

6.3S 

3.7S 

1.18 

822. 

S  .68 

6.6S 

S.2S 

1.30 

821. 

5.13 

7.53 

S.69 

1.25 

820. 

5.55 

8.55 

5.S6 

1.10 

816. 

6.12 

9.81 

5.99 

1.02 

8IS. 

6.92 

II. so 

6.78 

.90 

812. 

7.9S 

13.22 

7.73 

.83 

809. 

9.27 

15.35 

8.60 

.69 

809. 

10.67 

17.83 

9.62 

.60 

806. 

12.29 

20. 7S 

10.75 

.50 

806. 

13.17 

23.  S2 

11.59 

.S3 

806. 

13.22 

25.16 

11.85 

.ss 

802. 

11.28 

23.70 

10.38 

.37 

801. 

8.96 

19.95 

8.31 

.29 

799. 

7.01 

15.51 

6.51 

•  SB 

795. 

5.51 

10.99 

S.99 

.52 

786. 

S.S9 

7.3S 

3.90 

.81 

780. 

3.31 

5.15 

2.82 

.70 

77S . 

2.53 

5.02 

2.62 

•  5S 

768. 

2.56 

6.02 

2.96 

.S3 

755. 

2.26 

6.66 

3.23 

.37 

753. 

2.08 

6.9S 

3.28 

.36 

7s3. 

2.61 

7. S3 

3.51 

.37 

736. 

2.s  2 

7.S2 

3.80 

.55 

717. 

2.25 

7.S2 

s.  13 

.62 

682. 

2.73 

7.69 

S.32 

.69 

601. 

2.65 

7,75 

S.55 

.81 

579. 

3.  IS 

8.22 

s.ei 

.99 

S53. 

3.05 

8.22 

s.ei 

.95 

S50. 

3.S2 

7.S5 

s.85 

.91 

III. 

3.81 

7.55 

s.ei 

.93 

111. 

3.26 

8. 39 

S.63 

.36 

111. 

S .  70 

10.23 

5.70 

,S7 

111. 

S.69 

11.19 

5.50 

.33 

1 10. 

S.72 

13.79 

6.19 

.21 

109. 

5.69 

17.61 

6.81 

-.09 

III. 

5.06 

20.39 

7.91 

.01 

III. 

5.95 

21 .90 

8.6S 

.67 

no. 

5.97 

2S.39 

9.31 

.65 

109. 

6.99 

26. 5S 

9.36 

.31 

10S. 

6.88 

27.50 

10.0S 

-.10 

103. 

7.85 

27.  IS 

9.15 

-.18 

9s . 

9.78 

28.91 

9.36 

•  2S 

85. 

7.69 

31.17 

10.37 

.21 

66. 

10.97 

31 .80 

11.67 

-.02 

SI. 

12.93 

32.  S9 

11.17 

-.17 

35. 

II. 7S 

3S.I6 

15.81 

.26 

31. 

1 1 .55 

3S.S5 

18.07 

.68 

29. 

13.09 

SO.  OS 

16. 8S 

-.13 

2S . 
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TABLE  1-6.  WIND  STATISTICAL  PARAMETERS 
JUNE 


STATION  •  7V79V0  CA PC  CANAVERAL 


z 

fCAN  U 

S.O.  U 

RlU.V) 

ft  AN  V 

S.O.  V 

MEAN  MS 

S.O.  MS 

SKEW  MS 

nobs 

KM 

M/S 

M/S 

M/S 

M/S 

M/S 

M/S 

.003 

-.57 

2.6V 

.0950 

.70 

2.33 

2.9V 

2.13 

.79 

776. 

1.000 

.89 

V.95 

.1361 

1.73 

3.75 

5.vv 

3.56 

1.75 

778. 

2.000 

1.31 

5.09 

.1968 

1.V3 

3.80 

5.55 

3.65 

1.91 

776. 

3.000 

1.90 

v.97 

.1332 

1.36 

3.81 

5.62 

3.61 

1.66 

77V. 

V.000 

2.29 

5.0V 

.0781 

l.ll 

3.9t 

5.77 

3.62 

1.35 

762. 

9.000 

2.60 

5.22 

.0785 

.78 

V.Q3 

6.12 

3.66 

1.17 

761. 

6.000 

2.88 

5.51 

.1567 

.V5 

V.VI 

6.53 

3.95 

1.20 

760. 

7.000 

3.2V 

5.90 

.2169 

.21 

V.83 

7.09 

V.29 

1.22 

751. 

8.000 

3.79 

6.65 

.2V56 

.25 

5.71 

8.12 

5.03 

1.23 

7V6. 

9.000 

V.V9 

7.83 

.2685 

.29 

6.77 

9.5V 

6.02 

1.15 

7V5. 

10.000 

5.26 

9.21 

.3170 

.21 

8.07 

11.25 

7.1V 

1.17 

7V0. 

11.000 

5.98 

10.66 

.3537 

-.13 

9.56 

13.07 

8.37 

1.13 

738. 

12.000 

6.89 

11.87 

.3567 

-1.16 

10.66 

IV. 77 

9.23 

1.03 

736. 

13.000 

7.V9 

12.68 

•  3V13 

-2.V2 

10.99 

15.69 

9.86 

1.02 

73V. 

IV. 000 

6.82 

11.81 

.3336 

-3.50 

9.55 

IV.  VV 

9.00 

.92 

731. 

19.000 

V.92 

9.89 

.293V 

-V.03 

7.16 

11.83 

7.03 

.ev 

727. 

16.000 

1.97 

7.38 

.2336 

-3.83 

5.06 

8.61 

V.9< 

.80 

723. 

17.000 

-1.26 

5.3V 

.188V 

-3.16 

3.73 

6.52 

3.38 

,7V 

715. 

18.000 

-V.36 

V.07 

.1760 

-2.33 

3.09 

6.36 

3.19 

,7V 

709. 

19.000 

-7.02 

3.58 

.136V 

-1.72 

2.56 

7.79 

3.31 

.20 

707. 

20.000 

-9.V6 

3.V9 

.0663 

-.86 

2.V9 

9.86 

3.38 

.IV 

697. 

21 .000 

-11.20 

3.V8 

.0380 

.35 

2.V5 

1 1  ,v9 

3. vi 

.25 

687. 

22.000 

-11.69 

3.36 

.0V90 

.93 

2.10 

11.9V 

3.29 

.00 

68V. 

23.000 

-11.97 

3.29 

-.0012 

.76 

1.9V 

12.16 

3.25 

.05 

675. 

cV.000 

-12. 2V 

3.70 

-.028V 

•  2V 

2.32 

12. V8 

3.63 

.08 

669. 

29.000 

-12. 7V 

3.88 

-.0613 

-.26 

2.27 

12.96 

3.81 

-.06 

656. 

26.000 

-13. VO 

V .  06 

-.0191 

-.56 

2.21 

13.62 

v.00 

-.11 

636. 

27.000 

-IV. |7 

V.56 

.0163 

-.80 

2.76 

IV. V9 

V.V5 

.03 

572. 

28.000 

-IV.  60 

V.65 

.0859 

-.65 

2.V6 

IV. 8V 

V.56 

-.18 

552. 

29.000 

-iv. ev 

5.39 

.0515 

-.5V 

3.05 

15.23 

5.20 

-.10 

V28. 

30.000 

-15.23 

5.27 

.0666 

-.27 

2.55 

15. V9 

5.  IV 

-.17 

VI7. 

32.000 

-16.99 

5.71 

-.1207 

1.28 

3.75 

17. V8 

5.58 

-.33 

122. 

3**  .000 

-17.31 

6. 19 

-.0936 

.36 

3.69 

17. 80 

5.91 

-.5V 

123. 

36.0C0 

-20.38 

5.88 

-.2265 

-.56 

v.03 

20.89 

550 

-.19 

12V. 

38.000 

-2V.57 

5.88 

-.1106 

-.33 

V.69 

25.02 

5.85 

-.29 

125. 

VO. 000 

-28.33 

6.06 

.0781 

-.68 

V  ,7V 

28.7V 

5.97 

-.12 

125. 

«2.0C0 

-32.79 

7.53 

.103V 

-1.29 

5.00 

33  22 

7.V2 

-.06 

129. 

W.COO 

-37.36 

8.15 

.0227 

-.16 

5. VO 

37.7V 

8.20 

-.IV 

129. 

>•6.030 

-39.91 

7.V8 

-.0V63 

3.75 

5.30 

V0.V3 

7.V8 

■  OV 

130. 

V8.000 

-VI. 72 

8.17 

.0838 

6.V9 

6.67 

V2.81 

7.83 

.01 

130. 

50 . 000 

-VI. 58 

9.57 

-.0V83 

7.28 

7.18 

V2.88 

9.28 

-.22 

131. 

52.000 

-V3.7V 

8.79 

-.0V37 

6.5V 

7.V7 

VV  .82 

8.93 

-.29 

130. 

9V . 000 

-V5.90 

9.V7 

-.0283 

V.87 

8.25 

V6.96 

9.V9 

12 

128. 

56  000 

-V9.0V 

12.03 

-.07V0 

3.69 

9.78 

50.19 

11.79 

-.25 

125. 

58.000 

-50.87 

13. V3 

-.0851 

2.97 

10.61 

52.11 

13.17 

.05 

118. 

60 . 000 

-52.99 

11.92 

-.1573 

1.52 

10.50 

5V.09 

11.62 

-.02 

95. 

62.000 

-58.06 

13.77 

-.2151 

.83 

13.90 

59.79 

13.32 

r 

70. 

6V.OOO 

-60.0V 

15. 1 1 

.2111 

1.12 

15.83 

62.29 

IV.  IV 

.2v 

58. 

66  000 

-53.88 

20.09 

.2191 

l>3 

15.30 

56.28 

19.23 

.17 

V3. 

68.000 

-55.11 

20.79 

-.0399 

2.93 

17.57 

57.90 

20.59 

■  VV 

30. 

70.000 

-51.16 

19.22 

.1920 

6.V6 

18.05 

5V.68 

18.72 

.79 

25. 

TABLE  1-7.  WIND  STATISTICAL  PARAMETERS 


JULY 


STATION  •  797990  CAFE  CANAVERAL 


z 

ft  AN  U 

s.o.  u 

RIU.V) 

ft  AN  V 

KM 

M/S 

M/s 

M/S 

.033 

-.39 

8.30 

-.0983 

1.81 

1.030 

l.ai 

9.83 

-.0993 

8.90 

a.  030 

1.88 

9.50 

.0799 

8.01 

3.000 

1.91 

9.65 

.0706 

1.61 

>*.000 

1.90 

9.58 

.0880 

1.89 

5.000 

1.30 

9.96 

.0195 

.9* 

6.000 

.90 

9.90 

.0977 

.78 

7.000 

.90 

9.56 

.0909 

.33 

8.000 

-.16 

5.18 

.1833 

-.30 

9.000 

-.86 

5.89 

.8678 

-.07 

10.000 

-1.60 

6.79 

.3801 

-1.58 

11.000 

-a.  39 

7.98 

.3875 

-8.88 

■a. ooo 

-3.01 

8.66 

.3880 

-3.19 

13.000 

-3.75 

9.11 

.8685 

-9.17 

19.000 

-9.37 

8. 13 

.8980 

-9.65 

15.000 

-9.75 

6.38 

.8751 

-9.08 

16.000 

-5.17 

9.59 

.3830 

-8.ff* 

17.000 

-6.19 

3.93 

.8961 

-1.91 

18.000 

-8.13 

3.08 

.1393 

-1.67 

19.003 

-11.06 

8.60 

.1099 

-1.83 

ao.ooo 

-13.79 

8.86 

.3093 

-.88 

ai.ooo 

-15.57 

338 

.1119 

.88 

aa.ooo 

-16. ai 

3.08 

-.0187 

1 .30 

83.000 

-16.89 

8.90 

-.ueq 

1.05 

as. ooo 

-17.53 

3. 09 

-.1369 

.38 

85.000 

-18.80 

3.18 

-.0971 

-.85 

86.000 

-10.89 

3.50 

.0090 

-.66 

87.000 

-19.63 

9.13 

-.0886 

-.90 

80.000 

-80.79 

9.00 

-.0951 

-.9e 

89.000 

-81.89 

9.79 

-.0568 

-.93 

30.030 

-88.95 

9.89 

-.0096 

-.98 

38.000 

-86.85 

9.77 

-.0798 

1.69 

3* . 000 

-87.01 

5.07 

- .  1 000 

.63 

36. OCO 

-89. 19 

9 . 5s 

-  •  .**31 

.11 

36  COO 

-33.36 

5.99 

.0578 

.16 

SO  OCO 

-35.86 

5.89 

-.0015 

.08 

'*8.000 

-90.85 

6.31 

-.1655 

-1.9* 

99 . ooo 

-96.79 

6.07 

-.0990 

-.10 

«*6  ■  COO 

-99.80 

7.90 

.8535 

3.99 

98.000 

-53.90 

8.79 

.8355 

9.55 

50.000 

-51.89 

8.76 

-.0387 

5.17 

58. COO 

-53.89 

9.09 

-.0807 

5.79 

. 000 

-53.81 

10.38 

.0069 

5.93 

56.000 

-58.11 

18.03 

.1768 

5.55 

58.000 

-99.88 

19.87 

.0897 

9.01 

60.000 

-95.91 

16.66 

.1015 

9.58 

68.000 

-99.19 

85.35 

.8688 

9.18 

69.000 

-38.89 

30.09 

.1998 

6.93 

66.000 

-39. 19 

89.55 

.8306 

6.50 

68.000 

-38.89 

88. 18 

-.0989 

11.59 

70.000 

-ai.5o 

89.35 

-.8091 

-.97 

S.O.  V 

ft  AN  US 

S.O.  US 

SKCH  US 

NO05 

M/S 

M/S 

M/S 

1.89 

8.69 

1.80 

.90 

799. 

3. 16 

5.83 

8.89 

.87 

798. 

3.85 

5.89 

3.0! 

1.08 

798.' 

3.30 

5.83 

3.18 

1.03 

789. 

3.93 

5.18 

3.09 

.88 

779. 

3.56 

5.15 

8.98 

.99 

777. 

3.67 

5.11 

8.83 

.89 

778. 

3.9* 

5.86 

8.97 

.93 

777. 

9.38 

5.81 

3.98 

1.19 

777. 

5.03 

6.66 

9  09 

t  .88 

779. 

5.69 

7.78 

9.73 

1.15 

767. 

6.36 

9.88 

5.35 

1.05 

769. 

6.85 

10.37 

5.78 

.87 

750. 

7.86 

11.33 

6.81 

.81 

759. 

6.78 

10.80 

5.95 

.75 

750. 

5.33 

9.16 

9.89 

.78 

750. 

3.88 

7.51 

3.81 

.69 

796. 

8.98 

7.16 

3.83 

.80 

738. 

8.66 

8.79 

8.95 

-.09 

739. 

8.39 

11.38 

8  60 

.07 

738 1 

8.90 

13.96 

8.81 

-.01 

781. 

8.99 

15.79 

3.88 

.18 

703. 

8.18 

16.90 

3.05 

.39 

698. 

1.98 

16.99 

8.89 

.31 

673. 

8.88 

17.68 

3.03 

-.09 

679. 

8.80 

18.33 

3.11 

-.06 

663. 

8.87 

18.99 

3.99 

.01 

688. 

3.01 

19.68 

9.11 

.08 

581. 

8.59 

80.98 

3.97 

*  .05 

599. 

3.30 

88.17 

9.75 

.33 

933. 

8.66 

83.18 

9.87 

.18 

90S. 

3.68 

85.59 

9.83 

-.33 

118. 

3.91 

87.83 

5.06 

-.10 

118. 

3.79 

89.99 

9.99 

-.58 

118. 

9.69 

38.70 

5.96 

-.  16 

113. 

5.03 

36.88 

5.83 

-.17 

119. 

5.71 

90.78 

6.06 

-.13 

117. 

6.91 

97.85 

6.01 

-.17 

118. 

7.60 

99.97 

7.95 

-.95 

117. 

6.63 

51.59 

8.65 

.19 

117. 

7.85 

58.66 

8.70 

-.16 

116. 

7.95 

59.79 

8.98 

-.88 

115. 

10.88 

55.81 

10.89 

-.19 

119. 

11.13 

53.68 

11.58 

-.58 

105. 

18.38 

51 .08 

19.57 

-.58 

93. 

13.88 

98.01 

15.09 

-.05 

71. 

17.81 

98.93 

88.37 

.15 

98. 

17.95 

96.19 

86.07 

.10 

88. 

19.19 

98.70 

89.99 

.65 

87. 

88.83 

99.36 

88.37 

.18 

88. 

80.09 

33.05 

18.88 

.31 

80. 
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TABLE  1-8.  WIND  STATISTICAL  PARAMETERS 


AUGUST 


STATION 

-  7>*79**0 

CAPE 

CANAVERAL 

Z 

MEAN  U 

S.O.  U 

RtU.V) 

/CAN  V 

S.O.  V 

/CAN  MS 

S.O.  MS 

SKEW  MS 

NOBS 

KM 

M/S 

M/S 

M/S 

M/S 

M/S 

M/S 

.003 

-.62 

2.10 

.0723 

.61 

1.95 

2.40 

1 .79 

.58 

T79. 

1.000 

-.02 

4.13 

.1315 

2.18 

3.21 

4.9* 

2.76 

1.07 

775. 

2.000 

.08 

>*.29 

.2260 

1.88 

3.40 

5.05 

2.83 

1.05 

775. 

3.000 

•  >*0 

>*.35 

.2185 

1.71 

3.55 

5.07 

2.98 

1.00 

767. 

>•.000 

.76 

>*.3>* 

.2133 

1.60 

3.77 

5.22 

2.99 

.9* 

760. 

5.030 

.83 

4.43 

.1947 

1.39 

3.9* 

5.31 

3.10 

1.08 

756. 

6.000 

•  >♦2 

4.51 

.2364 

1.16 

4.10 

5.38 

3.11 

1.24 

756. 

7.000 

.08 

4.66 

.2508 

.77 

4.26 

5.53 

3.14 

1.32 

755. 

e.ooo 

-.37 

5.01 

.2665 

.36 

4.65 

5.9* 

3.4? 

1.31 

755. 

9.000 

-.83 

5.57 

.2895 

-.13 

5.21 

6.56 

3.9* 

1.19 

753. 

10.000 

-1.26 

6.45 

.3280 

-.64 

6.12 

7.70 

4.65 

1.08 

749. 

u.ooo 

-1.79 

7.65 

.3382 

-1.19 

7.08 

9.15 

5.43 

1.16 

748. 

12.000 

-2.28 

8.37 

.3230 

-1.96 

7.81 

10.28 

5.05 

1.0? 

746. 

13.000 

-2.56 

8.64 

.3120 

-2.74 

7.91 

10.79 

5.90 

.87 

734. 

1>4.000 

-2.77 

7.68 

.3421 

-2.97 

6.66 

9.58 

5.30 

.76 

730. 

15.000 

-3.20 

5.91 

.3129 

-2.37 

4.93 

7.54 

4.26 

.89 

728. 

16.000 

->*.20 

4.17 

.3144 

-1.65 

3.57 

6.28 

3.31 

.80 

722. 

17.000 

-5.66 

3. 16 

.2543 

-1.13 

2.69 

6.55 

2.76 

.38 

717. 

19.000 

-7.79 

3.16 

.0935 

-1.9* 

2.48 

8.35 

2.98 

-.06 

717. 

19.000 

-10.99 

2.71 

.0408 

-.98 

2.32 

11.29 

2.64 

.18 

701. 

20.000 

-13.61 

2.89 

.2387 

-.11 

2.43 

13.04 

2.84 

.05 

691. 

21.000 

-15. 3«* 

3.24 

.1833 

.76 

2.19 

15.53 

3.20 

-.01 

676. 

22.000 

-16.13 

3.12 

.0052 

1.13 

1 .80 

16.27 

3.11 

.10 

669. 

23.000 

-16.71 

2.88 

-.0884 

.94 

1 .80 

16.83 

2.89 

.01 

660. 

2>*.000 

-17. 3>* 

2.93 

-.0693 

.38 

2.17 

17.48 

2.91 

-.07 

655. 

25.000 

-18.02 

2.98 

-.0100 

-.09 

2.14 

IB. IS 

2. EC 

.03 

647. 

26.000 

-18.70 

3.23 

.0359 

-.9* 

2.05 

18.82 

3.20 

-.07 

608. 

27.000 

-19.50 

3.69 

.0301 

-1.04 

2.78 

19.72 

3-69 

.05 

548. 

28.000 

-20.55 

3.42 

-.0883 

-1.14 

2.42 

2C.7S 

3. 39 

.05 

526. 

29.003 

-21.53 

4.17 

-.0516 

-1.27 

3.36 

21.84 

4.10 

-.07 

401  . 

30.003 

-22.39 

3.88 

-.0205 

-.59 

2.68 

22.57 

3.84 

.13 

363. 

32.000 

-25.51 

4.88 

- .  3r*0Q 

1.75 

3.13 

25.76 

4.80 

-.03 

101. 

3*.  003 

-25. 6>* 

4.97 

-.0294 

.88 

3.61 

25  93 

4.96 

-.00 

101. 

36  000 

-26.65 

5.83 

-.1474 

.28 

4.43 

27.04 

5.70 

-.29 

101. 

38.000 

-28  04 

6.28 

-.1343 

.32 

4.83 

28.48 

6.17 

.14 

101. 

>*0.000 

-30.03 

7.88 

.0309 

.13 

4.85 

30.44 

7.77 

-.17 

104. 

>*2.000 

-33.37 

8.63 

-.2333 

-1.01 

5.44 

33.87 

8.44 

-.17 

105. 

44 .  000 

-37.86 

8.45 

-.2397 

-.61 

6.28 

38.41 

8.31 

-.07 

107. 

>*6.000 

->•0.27 

9.28 

-.1644 

2.24 

7.74 

41 .07 

9.22 

-.12 

107. 

>*8.000 

-<*0.35 

11.76 

-.0100 

5.44 

8.63 

41 .75 

11.27 

-.39 

106. 

50.000 

-38. 2>* 

14.44 

-.0461 

6.73 

8.90 

40.07 

13.74 

-.11 

105. 

52.000 

-34.70 

14.95 

-.1436 

6.66 

10.09 

37.20 

13.92 

.45 

104. 

54.000 

-30.10 

15.69 

.0302 

4.72 

10.44 

32.04 

14.27 

.43 

104. 

56.000 

-25.23 

18.81 

.0970 

2.48 

11.72 

29.63 

15.92 

.52 

100. 

58.000 

-23.97 

20.40 

-.1566 

4.95 

13.43 

29.58 

17.85 

.66 

86. 

60.000 

-16  93 

17.33 

-.1461 

4.60 

13.67 

23.49 

15.47 

.83 

67. 

62.000 

-8.>*7 

17.59 

-.0316 

.67 

14.06 

21 .60 

11.31 

.96 

47. 

64.000 

-9.36 

19.46 

-.0067 

-2.32 

15.31 

23.28 

12.34 

.89 

39. 

66.000 

-7.70 

16.32 

-.1599 

-3.97 

1551 

20.23 

12.77 

.35 

35. 

68.000 

-12.68 

16.07 

-.3039 

-3.73 

15.62 

22.21 

13.84 

.17 

24. 

70.000 

-9.22 

21.33 

-.2599 

-5.15 

17.93 

24.95 

15.48 

.18 

21. 
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TABLE  1-10.  WIND  STATISTICAL  PARAMETERS 


X 

OCTOBER 


STATION 

Z 

•  717910 
ft  AN  U 

CA PE  CANAVERAL 
S.O.  U  RlU.VI 

ft  AN  V 

KM 

.003 

M/S 

-.79 

M/S 

3.29 

.0219 

M/S 

-1.36 

1.000 

-1.71 

5.95 

.1953 

-1.08 

2.000 

.56 

6.21 

.2608 

-.16 

3.000 

2.35 

6.20 

.2160 

.21 

>•.000 

1.01 

6.57 

.2531 

.27 

5.000 

5.78 

7.00 

.2535 

.16 

6.000 

7.58 

7.67 

.2751 

.21 

7.000 

9.50 

8.52 

.2972 

.30 

8.000 

11.72 

9.73 

.2025 

.11 

9.000 

13.95 

11.07 

.2651 

.51 

10.000 

16.12 

12.11 

.2119 

.60 

11.000 

18.37 

13.10 

.2137 

.17 

12.000 

20.01 

13.72 

.2021 

.28 

13.000 

20.11 

13.50 

.3197 

-.22 

11.000 

19.03 

12.37 

.3120 

-.70 

15.000 

15.96 

10.16 

.3010 

-.09 

16.000 

1 1 .67 

8.13 

.3005 

-.09 

17.000 

7.03 

6.03 

.2931 

-.61 

18.000 

2.87 

5.63 

.2692 

-.09 

19. COO 

.67 

1.01 

.2838 

.17 

20.000 

-.98 

1.51 

.2998 

-.10 

21.000 

-2. 11 

1.13 

.2153 

-.06 

22.000 

-2.98 

1.10 

.0980 

-.29 

23.0C0 

-3.31 

1.09 

.0907 

-.12 

21.000 

-3.57 

1.72 

.0739 

-.18 

25.000 

-3.13 

1.90 

.0652 

-.22 

26.000 

-2.56 

5.23 

.0757 

.00 

27.000 

-1.50 

5.92 

.0905 

.15 

28.000 

-.39 

6  31 

.1111 

-.11 

29.000 

.70 

'  .01 

.1137 

-.30 

30.000 

1.81 

7.35 

.1765 

.10 

32.000 

.19 

7.61 

-.0329 

2.0i 

3H.C00 

1.90 

9.20 

.1659 

1.17 

36.000 

8.55 

12.20 

.0580 

-.78 

38.000 

11.90 

12.09 

-.1611 

-.30 

SO. 000 

15.27 

13.77 

.0391 

.  H 

SC. 030 

10.92 

11.77 

.2813 

1.13 

11.000 

22.01 

16.11 

.3097 

2.75 

16.000 

27.11 

18.01 

.3056 

3.97 

10.000 

30.79 

19.09 

.3536 

1.97 

50.000 

31.21 

20.25 

.3990 

5.50 

52.000 

36.71 

22.19 

.3769 

6  20 

51.000 

39.51 

21.65 

.2929 

7.00 

56.000 

10.10 

21.67 

.3691 

5.76 

50.000 

38.98 

20.59 

.3105 

3.21 

60 . 000 

36.95 

19.89 

.2160 

1.39 

62.000 

33.30 

19  89 

.^lO? 

2.95 

6i  ;.oo 

33.75 

20.71 

-.0603 

2.21 

66.000 

27.90 

19  77 

.0071 

6.07 

68.000 

23.25 

19.73 

.2121 

12.00 

70.000 

20.83 

23.23 

-.5i9i 

17.96 

s.o.  v 

1C  AN  US 

S.O.  US 

SKEW  US 

NOBS 

M/S 

M/S 

M/S 

2.92 

1.02 

2.38 

.53 

781. 

1.98 

7.02 

3.86 

.77 

779. 

1.91 

6.81 

1.10 

1.16 

770. 

5.03 

6.95 

1.57 

1.29 

777. 

5.30 

7.76 

5.20 

1.32 

775. 

5.93 

9.22 

5.80 

1.21 

771. 

6.66 

10.06 

6.56 

1.09 

772. 

7.60 

12.86 

7.13 

.95 

772. 

8.93 

15.11 

8.60 

.03 

770. 

10. H 

18.11 

9.90 

.71 

767. 

12.09 

20.07 

11.15 

.65 

760. 

13.37 

23.16 

12.06 

.12 

758. 

13.01 

25.02 

12.37 

.31 

758. 

13.21 

25.02 

12.20 

.30 

756. 

11.23 

22.70 

11.08 

.37 

719. 

8.90 

18.90 

9.32 

.11 

712. 

6.60 

11.01 

7.12 

.61 

735. 

5.00 

9.15 

5.66 

1.10 

723. 

3.83 

6.17 

1.05 

1.55 

721. 

2.05 

1.76 

3.02 

2.12 

722. 

2.53 

1.53 

2.68 

1.60 

715. 

2.11 

1.73 

2.75 

1.01 

703. 

2.15 

5.02 

2.69 

.77 

702. 

2.20 

5.03 

2.75 

.51 

681. 

2.81 

5.75 

3.17 

.62 

675. 

2.67 

5.70 

3.05 

.61 

666. 

2.60 

5.61 

3.02 

.61 

630. 

2.97 

5.90 

3.23 

.76 

577. 

2.00 

5.97 

3.52 

.95 

553. 

3.39 

6.71 

1.03 

1.26 

150. 

3.30 

6.92 

1.50 

1.38 

113. 

1.11 

7.11 

5.21 

1 .61 

99. 

1.65 

9.59 

6.51 

1 .15 

102. 

5.12 

13.5i 

8.03 

.76 

103. 

5.97 

15.82 

9.71 

.70 

106. 

6.  10 

18.30 

11.19 

.51 

107. 

5.06 

21.07 

12.96 

.36 

109. 

6.20 

21.75 

11.95 

.27 

113. 

7.01 

29.16 

17.05 

.21 

113. 

8.29 

32.02 

18.95 

.22 

113. 

8.29 

36.00 

19.10 

.18 

113. 

0.57 

38.56 

21.56 

.06 

113. 

8.21 

10.13 

21.05 

•  .01 

112. 

0.56 

11.56 

21.51 

.12 

106. 

9.73 

10.19 

20. 19 

.25 

92. 

10.75 

39.15 

19. 00 

.21 

72. 

9.81 

35.13 

18.99 

.16 

51. 

10.  19 

36.00 

19.16 

.10 

12. 

1 1 .66 

32.15 

17. 10 

.21 

3i. 

16.12 

33.17 

15. 18 

.53 

32. 

21  .73 

36.30 

20.76 

2.00 

30. 

4 
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TABLE  1-12.  WIND  STATISTICAL  PARAMETERS 

(J 

DECEMBER 

STATION 

•  7S79S0 

CAPE 

CANAVERAL 

;/  ; 

Z 

(CAN  U 

S.O.  U 

R(U.V) 

(CAN  V 

S.O.  V 

(CAN  MS 

S.O.  MS 

SKEW  MS 

NOBS 

KM 

M/S 

M/S 

M/S 

M/S 

M/S 

M/S 

*_  -  * 

.  C03 

.71 

2.79 

-.2572 

-.87 

3.21 

3.77 

2.27 

.55 

862. 

1.000 

1.7| 

6.81 

-.0375 

.91 

6.05 

8.21 

s.  38 

.79 

86S. 

s 

2.000 

5.17 

7. OS 

.0205 

1.18 

5.71 

9.01 

5.39 

1.09 

863. 

3.000 

0.5s 

7.S9 

.1303 

1.07 

6. 12 

11.12 

6.63 

.9s 

862. 

, 

S.000 

11.79 

7.98 

.1966 

I.S6 

6.82 

13.91 

7.60 

.82 

662. 

. 

5.000 

IS.  76 

8.72 

.2121 

1 .85 

7.S0 

16.80 

8. S3 

.68 

861. 

- 

6.  COO 

17.60 

9.55 

.2269 

1.9* 

8.32 

19.70 

9.28 

.57 

862. 

7.000 

20.57 

10.S9 

•  2S2I 

2.21 

9.13 

22.76 

10.18 

862. 

>  • 

3.000 

23.63 

11.63 

.2700 

2.58 

10.01 

25.97 

11.27 

.37 

856. 

9.000 

26.56 

12.35 

.2901 

2.70 

II  .Os 

29. 15 

12. S5 

.28 

856. 

■ 

10.000 

29.50 

13.70 

.2602 

2.62 

12.16 

32.16 

13.35 

.21 

850. 

(■ 

11.000 

32. OS 

IS.  16 

•  2s  92 

2. 10 

13.12 

3S.83 

13.79 

.13 

839. 

15.000 

3S.S3 

IS. 29 

.2501 

2.12 

13.88 

37. 2s 

is. I] 

.11 

835. 

13.000 

3S.03 

13.53 

.2930 

2.S2 

12.92 

37.26 

I3.S6 

.12 

827. 

r 

is.ooo 

32. 9S 

11.79 

•  298S 

2.52 

10.71 

3s. 75 

II.  TH 

.06 

819. 

15.000 

29. 6S 

10. SS 

.2765 

2.25 

9.27 

31.17 

10.32 

.06 

Bis. 

.  . 

13.000 

25.55 

60S 

.2575 

2.19 

8. 10 

?6.9s 

8.68 

.09 

806. 

r  . 

17.000 

20.80 

7.7s 

•  2S33 

1.96 

6.93 

22.08 

7.53 

.16 

789. 

10.000 

15.77 

7.25 

.2393 

1.62 

5.89 

17.03 

6.96 

.SI 

785. 

.  5 

19.000 

11.01 

6.69 

.2929 

1.23 

S.71 

12.21 

6.36 

.78 

780. 

20.000 

7.95 

6.09 

.3516 

.81 

3.7S 

9.16 

5.56 

1.00 

766. 

21.000 

6. si 

5.96 

•  3S21 

.33 

3.29 

7.92 

S.96 

1.00 

7S7. 

22 . 000 

6.17 

6.S7 

.3338 

-.02 

3.  is 

8.02 

6.05 

1 .01 

7S|. 

.  ■ 

23.000 

6.97 

6.38 

.  32S  7 

-.03 

3.01 

8.59 

s.95 

.75 

7JS. 

2>*.000 

8.  IS 

7.S9 

.2855 

.13 

3.67 

10.12 

5.79 

.81 

726. 

k 

25.000 

9  32 

3.61 

.1032 

.25 

3.87 

11.88 

6.67 

1.05 

703. 

26. COO 

11.09 

9.33 

.0921 

.S2 

3.9. 

13. 3S 

6.90 

.62 

68s. 

’C 

27.000 

12.69 

10.28 

.0575 

,7S 

S .  36 

15. 2s 

7.35 

•  S5 

628. 

23.000 

is.  17 

11.00 

-.0102 

1.33 

S.03 

16. 9S 

7.73 

.36 

618. 

1 

29.000 

16.26 

12.01 

-.0108 

2.22 

5.51 

19. SS 

8.  II 

.09 

S09. 

St 

30.000 

10.59 

13.21 

-.0300 

3.36 

5.95 

22.16 

8.68 

-.11 

B  • 

32.000 

25, 7S 

10.93 

.2932 

7.61 

6.97 

27.35 

10.61 

-.52 

III. 

r 

3s. 000 

31  -SO 

12.61 

•  2S02 

7.15 

7.81 

33.5? 

11.52 

-.70 

til. 

| 

33.000 

33.35 

IS.  13 

-.0S56 

5.55 

7.30 

35.12 

12.73 

-.53 

113. 

313.000 

3S.25 

15.59 

-.1957 

6.59 

8.98 

36.37 

IS.S2 

-.22 

113. 

m 

SO. 000 

3S.S6 

15.33 

-.0633 

8.15 

10.35 

37.62 

13. SO 

-.27 

115. 

S 

S2.000 

3S.S2 

17.15 

■  Os  06 

8.S0 

11.85 

38.69 

13.87 

-.10 

119. 

ss . OOC 

3s  .59 

20.67 

•  CS37 

8.95 

12. 3S 

so.  Os 

15.80 

.36 

120. 

S3. 000 

3s. 51 

22. S3 

- . 1S06 

10. BS 

13.71 

St  .11 

17.62 

.27 

120. 

' 

SO. 000 

32.97 

2s. 9s 

-.1021 

10.62 

13. Os 

S0.S7 

18.72 

.32 

116. 

50 . 000 

3S.2S 

2S.7S 

.0237 

12.21 

12.93 

SI  .56 

19. 2S 

.19 

113. 

52.000 

33.92 

26.27 

-.0636 

13.12 

is. 22 

S2.98 

19.06 

.16 

no. 

5s . 000 

35.18 

28. is 

-.1119 

11.55 

13.33 

ss  .21 

19.51 

•  .31 

109. 

50.000 

37  S0 

27.31 

-.0133 

11.90 

15.70 

S6.06 

20.30 

.29 

106. 

« 

50.000 

SI  .SO 

26.77 

.0808 

12.35 

15.27 

SB.  79 

20.75 

.35 

9S. 

60 . 000 

26.88 

.1606 

13.27 

16.57 

51.11 

20.97 

.59 

75. 

62.000 

SS.7I 

23.35 

.1777 

12.50 

15  82 

53.02 

19.66 

.  3s 

56. 

6S.C00 

S9.S9 

29.32 

.2768 

0.17 

15.80 

55.96 

21  .9* 

•  OS 

53. 

66.000 

S3. 90 

3S.S0 

.2771 

1.29 

18.58 

58  31 

22.  S2 

.OH 

S2. 

63.000 

S3. 83 

33.00 

.  3S68 

.39 

21.11 

58  31 

22.03 

.02 

32. 

70.000 

56. 5S 

2s. 62 

.3220 

-3.93 

21  .83 

62.23 

19.98 

-.26 

307 

• 

• 

« 

64 

-  -  - . d 

TABLE  11-1.  THERMODYNAMIC  STATISTICAL  PARAMETERS 


£88888  88  8888£s£88S88SPiSPPf:g838?5-2222222222*8,*f''J',#"1CJC 


S588835PF:PSlSe8t22S:;Kt23£5S8i£22£222£2SS22S8P8?Rs;R; 


itpinininvomQimiom  —  aDt*aiot<nr*tf>rk0^r»4Qjho>m^ro«uo^r<*r'(pr,>‘0>otr<Kr,‘!p**Ai(Btf}(oaj(vtf)ogia) 

:888S88S8888£S£88S«a5PfSpp28aS??22222222222,f*8,*r';<9{wlcs 


O  MififlWipo«(\i-tWW(0^oo-fljot-BOono«OijMho«/(p(jih«vo'U!PiP|fi/07(urv®^«Ot 

OhF'»fl^ru-*i\jwJi-mj>  -  ip  »hMDmo5-o-o---o-/ftiftiiniowhftjAii5--ofu«owiili 


i  i  i  - - - 


(DQoruaor-ioinmtftninintOiOin*  /  mmiu  -  -  — 


m  qo  c\i 


>* 

OtJ 

< 

D 

Z 

< 


'  o  o  o  r*  fti 


O  oooooooooCTOoooooooooooooooooooooooooooooop£*omep^~®cntflo 

K>ooooooooooooocjoooaooooooooooooooor'Aj<\<rjn»{na)if»<VfV<J1^nj-''r'^a'ffinj 

5i:ooooooooooooooooop(3oor'<T»QO»a)f\Jtr^r*r-  ■ - -  ru  CD  /  5Z'rr"*i"!5t91T,f,  M®wo® 


—  —  — 


CDOtlPMWiifftjOO--^  O'  ID  r  *  —  T  —  ® 

r\jfViocnc'orvjU'aj«vr'*i\ir-r\jffl/— a>»OM— 0>r-iOin.*in*n®c\j«\j  —  — 

c»-oinn/Mfflin-cp-MOi-roo'#MhtDO'MJ'oohi--Mo«fl«oi-M|noMip-MutnMinaMOivep(jj 
ioiOOMDr'6hFo'r‘?in'-  wo^wr'MnRfti  -  o  (u  -  —  —  —  o  o  —  o  —  j*  —  —  w  *■  to  if*  .r  .r  —  *  *  ~  m  10 


u 

# 


*“lc§8?!PlCiC2  =  2288KR88»8  =  »«Ri2*  =  2ilC»KiSif;28j?£Ri884ffC;PiSSl£?8f 

•  O . .  •  •  . . . . 

yi 


iKifOKir\jnroK>forofo»nioior'y)i£)aDtoa)tnir»vDr-r'(D(Ta,rorojrnj 


-vg88S8»Ji25K87?!?<iB8s;2ftiC!?J§8S?K;5P£BS8S?;P!s:?iF:88^5J!C?3gSl88 

Z  O . . . . . 

<  Li  h  j-ou>  —  irio'rtjor'owf^mop*  .r  fu  r\j  jrowioMno(\jjDB  -  QfXjpiOMttoiPinro  —  o\  a>  *  —  w  mo  o 
woco(Pfl>cor,,4r-ii)iPir>j’»io,^cj  —  —  -  oppoop^-  —  —  —  —  0jAjfxj»\j^if^«zziPiPiPC'!iPtf>tf>iPk',iPiP‘P?tn^ru 
X.  t\jfafafo^rufatonjfafUfurU^f\jnjrufafaft<\jiuAjOJf\jf\jnjruf\jAjniirtjAjf\i/yfljruforu«.Jii}njfliiufi;ru<u>u<w<\jfU<V 


cc  u 

«si  * 

< 

5 

o 

£a 

Sam 

tn 


ini0i0f'ffl0MT>0'6'0'OfiDr'i0U)iriin/Mlufunii\j(\j-oooo---jiDinijr'-ooo"ajfuKmj-j-oo(\j 


o»  1 

Si  L 

9S!n 


_>  ru 

ntfl  - 

mar 


u  ffi 
5  o 


j-ipr'r-iDpmwip-'r'OJiOziP  T©r-.y  —  ©£rua>tf>  —  hj 

cd  *  r'CDip  —  —  iPO'tOr4^/ft/of'f'-/MOnotmMr'A)  -  to't'w-in-oifi 

SctMOiL*  P,io'/(0-fuo»o»5oin  -  cr»  yQ  ki  —  ®ip©©K»~©r*tf?zK*K>f'i^  —  — ’ 
m  -  8j  lo  &i  *  oibwacDioJiio  j  —  —  >*0000000000 


oiruoniMD 
aj  ru  —  r-  in  * 

- —  000 

000000 


******** 


1  ru  oj  oj  —  —  — 


o  1.  ooooooooooooooooooooooooooooooooAjiv— Q>rurMr'®r‘Or'if>fU(EOTMj(yi©© 
*  oooooooooooooooooommj-r^r*(j'fua»K>or*  —  —  a»©iO  —  ©or'K»inrvj  —  ®o©ofg  —  g>io  — 

MSP?  =  S8»?2SA5f8SPPP«*Kl8fi?:2!2s;W!!!*?88PS3»aP8S."RisS?Kffi8i::58£S 


s£fc! 


©  ©  ©  ro  —  ®K»\Dio  —  f\»©tJOiP(7>r-r-  —  htoinhOTO'ip-(DiPM>»oioi 
—  —  p  o  —  f\j  in  CD  nj  r~  ru  r-  *  0  r~  /  fuootriflioi  jr  k>  ©  cu  fu  —  —  —  — 
ooffiair4  ifloi  iHwAjnjfu---- 


!•»  fV*  t\t  —  —  — 


owooooooooooooooooooooooooooooooooooooocroooooooooooo 

oooooooooooaoooooooooooooooooooooooooopoooooppoppoop 

oooooooooooooooooooooooooooooooooooooooooooooooooooo 

'  •-AiriVtfiuir-aiaio-fni^i.niO^doioJnjwjjgjg^jDjjojjlfgjjonijamejjjjgjo^ggo 


66 


TABLE  II-2.  THERMODYNAMIC  STATISTICAL  PARAMETERS 


I 


P?888?$WjWpi!pi&?P?gSHc£sS$m858S8S8888888P-*?RK;S 


Sg§l§W$i$jMS!!p£Sp??S8Si5§8Si§H88§§8£2£82888£P8?iRiesi 


rff|ooo(n^(UAiU)Ofnjo0PiQ0t»io0h(uoooth  —  c>  r*  r» 

PP888PPP£i5Fl5FPPPPPPPPP8£S£8888^^*®*°’*0’w**8’<*®*r''~*ir",l"', 


“  ?7S3sS88£S888Sss^«2!g2S2{l:£2gK!;SiC:?822!e?PKC:P88sSiSlCS?;J8 
^  . •'  •*.*.*.*  r  •**.*■*  - ,•  ,•  ,•  ,■  ,•  ,•  .•  .• ,:  ,•  ,•  ,•  ,•  ,•  ,•  ,•  ,• ,• 


I  i  •  I  i  a  l 


•  a.  a  i  a  i  i  i  a  i  i  i  t  »  » 


is)  oi  o  o>  fti  O)  r*  10 
ft  m  —  — 


O  oooooooo o  o oooooooooooooo 
raoooooooooooooooooooooooo 

5Cooooooooooooooooo3oooa»a>Q 
•V  OOOhOMKHO-OlO/lD>rjMD**-a>OFf!*p 


i\i  rtj  o  01  &  a  nj  ip  ffl  .'j  r-  —  r*  fj  Q)  /  -  BiOM-cnKuijnjwMAi^ufli-- 
iu(\i*-0)(DODr>a3^«n^  s  —  —  —  — 

jDOifVinMjfucDa)-~«to-iO'iDm»*)woO)ior'-hiof\jtofUfuc'ooiDMfficoojh-fuiMM-wioQnjio 
wru»oajrf)--lttotOiniu---'-MMmnJ--.^o--o-(Viftjo-oin«jj  ioio»oioo(uo  j  -  mo  - 


£  . 


'-1<K58P?S8R?3?SSPSP5}S5:iC£5;8JsS8S3aSSS5£82SSPRSCSS:S£p£eSA 

•  . . . . 

Oujtf|tf>.*-Mf*iK>r')'o»*fOPit')f'>f*iK)ruAjr\j<\jrotofUftjfljf\j(urwruftj<Uf\«’*tf>r'''r~<0<D(0tf>u>tf>(0U>r~r-OT<no>ooo0i 

t/)  ~ 

^“8£5  5S!8PaPP81nC:8Sf5f5|£K?*S  =  i5!!8B?&!p?K;K:St5|ffi£SP?PPPP£??ES£5St!o 

5i3r*'*r-.rotf>o.r©  —  .i-r-oj-ajin  —  r'*>ruf\j,rCD  —  mioroonj/iooiOoio  -  r^eor'*r*<o»PKii\jooo'i?f\j,rr-*in  — 


j  r-  r-  -T  »n  ^  s  — r-conj^)^  -aipoo-M^  *  —  rvi  —  oj<s)i0o©»do  —  —  r^~r*  j-ao^iQf^o  —  K»r“K»ujip  —  --050 

<  1  w  m  m  m  s  ;  sn^sss/Ml\jru-ooooooodoo---ooooO'*;i0ini0i0i0sn-oonji\H0fi0i 


1  1  1  1  1  1  1  1  «  1  1  1  1  1  1  «  1  1 


1  1  1  1  1  1  1  1  1  1  1 


u  a.  —  owroMio^mo  -  —  r,"'r,‘-rycp<DiP'Vjot0CD(Da')-»f\j(CO’atrtKif«)r\jtQa>tnor')O*.r0>tOtQ<Oir'(noot0<o  —  — 
a,  r»r  <\;o. r  k>  H-,  n.ccioaj^ocncrii^r-Mr'CT)  so^f'iosgi  —  j  cr>orompiO(pCDT^K)ir)c)'*‘fTJtoL'^^<JC7ir'ii3in 
<  •  jho  —  —  oiflf'imgj-o)//!  -  Q>  tf>  10  —  ou?®iOCD<Vir'^Qt'jpociis*jr#Vi^pr''PtPf»»»sooj  —  —  —  —  0000 
oQ(DOiosnsiOior-i2)iOsluOisoin-Fs«Oi2li5ssMnnlulur)4-----oooooooooooooooo 


1  fo  k>  r\j  cu  -  •  —  — 


2  00  000  oooooooooooooo  —  (\jmr'(0U3u»i0UH0®®''w0,r'(0©f'f'Oof'®K'  ©?)r*'btf)o£— ao 

P58888§P88«SSPC88SR82Pi52|l8?!!iC:«A2*?8SP53£|85tePPi8a|£S;»eaPP8&8 

?!tf  d  h  i*  ni  oi  J  «  £  /  o  —  r-  ci  in  «n  o»  r*  a**  -•  r-  ir  “•  r*  ©  .r  pi  iri  —  ®  in  an  —  ©(OpMftiflj--- 
•  ooocf'iflinT 

5  0^)00000000000000000000000000000000000000000000000000 

—  OOOOOOOOOOOOOOOQOOOOOOOOOOO  0000000000000000000000000 

*-  1:00000000000000000000000000000000000000  oooooooooooooo 

*-  ^  -ivMjintjhBOo-fljM^iOiOMDOio-fUM/ipiflhfflO'onjiiaDorjjiOOOAjiiionjjiiqio 

1/1  —  —  —  —  —  —  —  —  —  —  2  2  t  s  ip  /  o  .'1?  o  U)  2)  ifi  £  r 


67 


TABLE  II-3.  THERMODYNAMIC  STATISTICAL  PARAMETERS 


5^g£g5gs|gg8i2ini5IiJ?????p*ig5§*!§55«§s§=§=^!28P*?R!:; 


fAMUi/nnAi-oi'<Mnt,VCDi0-/it!0Oi}«'<Dnaoioooooia)i0i0iohinfionoQni0MDorivp 
•wttctC:r'r't:ifiCt!l!CI£Z5(:2?PF/“w*‘^M’-aooo5ooooooooiB(jihi5in«Mfi 
r‘®®€D®aoDa>a»o®©©a)®(ba>©CDO)«F»r*P*F'r'r-r'COiointf»  —  —  —  —  —  —  —  —  —  —  — 


°  S5?S£S8S!SS«SS§?SS!CiS:22iSSo2s;?£2i!e  =  S!eS8«S8t:o5|J£5j2S|Sg4? 

y  iii#»  —  —  —  iiiii  i  i  i  i  t  i  i  i  i  i  i  1*111  lit  —  — 

S 


I**  —  — 


Q  OOOOOOQOOOOOOOOOOOaOOOOOfOr'r*OWOOJlD|£)  —  Aj©r-  — ©  3  ippiwmoiru'Mnr'  O  M  CD 
wonnofti(ji®j(ij  -  *•  Aj  ©  o  r»  —  QOifl0iQ(pnn«niP(potffiohi9  3  3wt~CD&3<~>f\jt\j3  ©  t  f*  s  o  (ji  a)  id  j 
•  ru)wino-o&jM\i--Morj'a*rSi<v<i/0»fliKiib7>inff1r^3fr»flJh-0»hipt0/f'i^fj---oooo 
Qsi\iMn7Miatn^-o<?-hr'Oio-in-f'CDo/-fflalo/wfoflj^Aifti---ooODOoooooooooo 


io^ffiai©r>©intf>^^*niP©©©in^  ^  w  «j  ru  -  - 

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO* 


rooooooooounooooaoooooooooooooooooo*na)fir*>nmS(hnoi(jnOU)<Ofua)iniO 

55g0^a§SSaS?eSSSS??8§2SS58aKiSeiyf:!£gKJp;“:5{i8i!.sfeSK85?SA2irS 


m»f»©cnofOtf>r>r>u5  —  —  —  a*  r  —  ©  m  at 

- n&rnoajincDrijr'Ajr'njgJ^-  —  ©inm  —  a»r-ajtfij-^ro(\jr\j{\j  —  — 

fUfocjola)®r-©iP»n^^roK»<\jajru  —  —  —  — 


MOl  WAl-—  - 


*-  o©tf'ip©Kig>r'^.ou)rM®rvjj-r-g*r\jif>cr)Oj  —  m©inifla»©mu>*)or*‘00»r>  —  «uo«  -  o  *n  *n  m 


I  I  I  I  I  I  I  I  I  I  I  I 


•  I  I  *  f  I  *  •  I  I  I  I 


I  —  I  I  I  I  I 


-*2A?8?ffiRRfiSS«SSS8PPS8!?::*BiJ882“9<a!XglC?8?:  =  PitSI5*2:C&(SS!S!K2  2 

. . . . 

o  u  in  ip  ^  »o»nfo*n»<ifoK*roro*oro*onjrviajKiroioK>i\jft*<\irviioro*o»nrowin©©©ininjr  ^in»omior-tD©oif\j  —  mo 

i/i 

—  ©Ql'^iOt'lOi©?*©©©^  —  —  ;r  —  j'r*r-©©©®w©p*tflfno»io©©rvj2'w  — 

woO'O'iPr/o'MwflDJffiMpIijr'II)  —  07loOr,(Dp,iPJ,n^(nKlo-fll©FfIiyfulJ't'iOtf)TBi\io’WM'-0' 

Z  . . . . 

<uonip  -  r-  —  in®<\j*P»'OM©^-— r'^KiKiin®  —  ^u}oaru/iDa>oiP»  to  —  ip  —  /  (oidoipm^omd^  m  r~  r*  — 

UOP'J'iP(PC'C'tf3|PlP/MM^'*“’"*PPPOpp----rurvjrtj'\jf\jK)Wt/|pipip0ipu3i/jiflipipL'iL]|p/f«if\j(\j 
C  iUiu<uAjniUiuiucuiu(\iAj(\injn4Aii\j(ufu(\iAjAiit\j(uiV(\iPi(UA<(unj(\i(\ii\iiviuiii(iin)ikjiuiuiuiu(uruAiiu(ui\/nj(\j 

a. 

j  r*fn©r*itr»<\j.r  —  —  ftiiv-oMih-Mii-  i\»K*inr\jAif\j<Xi^,©owipr>o  —  in©©*>1*in©,*nj*n»niocnminioo 

<  3  l\jlM/CDOOO(Jia)l'lCPjMi\|--OOOOOOOOOOOO-OO-aiMf0-OOOO--aO«l\jTiriha)O 

K  U  . , . 

i**i  —  —  —  •  i  i  i  *  i  i  I  l  i  f  *  i«  iiiii*  •iiiii  — 

o 

u  q,  ipoio-i^/ujoy  j  o  —  r\icn©furo©cnf*fu  —  •o©nji\j©w®©pfc—  ©or*  f  —  —  ©ffloj-cp  —  o  ©  *o  nj  j  r*  © 
t  ai  n  o  -  o&S^F-9»»f»ir»r“U3aS©  —  *  j-  ™  —  ©o/jOjc/^ivM''OiP®-iPoiJloMiSfuoj  i\i  o  n  r-  in  ,t 

■<  .  —  iPMiDincjir'OiDMPor'-MOWO’iptljOMtgnjhMofflo  ,*ror\j©u)fuoO'f'ip^  i  M  Oi  pj  —  —  —  —  oooo 

o0^ajr'M(\jMj-(nr3iflinM-u)-i3-Fi~a)ibi?'^MMM^njl\jfijfu----oooooouoo(jouoooo 

o  <L  OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO  —  f\jK»  —  -'iPPtlPCDlPlPO 

3  ooooooooooooooooooio  —  r^nj  —  ni©fVjr.»©fn(jio©©*\i<\i^aiiDt?>  —  KiMffifuo-*  —  r-  j  a  f  in 

©zcjcjo  —  *o©o(^©©--  —  q»fflc»  —  ©  —  o  —  xt^mijaotnrif-  —  —  p©[-?*r:fflC:!2-l.SJ20,r‘r,KI0U.SQ 

f-  ?lhfi-o-nji  —  3  —  fn©“r*©©m  —  ©  .»•  a>  r*  t  3  ©  in  ^  f"  r^ototr©r*oBcnnjr'  fv  o  ©  iti  ©  m  <  v  —  —  —  o  o 


fc?  p-r'-mm  —  ©*«>©©  —  njatninincnr*©  —  f-inmr-o.rcntn  —  ©«om 
—  —  c>Q— f\fiO©nj{~fVC-f'",c,r~  -t  <\i  o  ©  r-  ©  ©  .*  ^-romrunj  —  —  — 
ood'ujf'u^j  i  h  w  fu  fu  pj  -  —  —  — 


—  fflUilPKinjAJ  —  —  — 


Of^OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 

oooooooooooooooooooooaoooooooooooooooooooooooooooooo 

oooooaoooooooooooooooooooooooooooooooooooooooooooooo 


—  curoj-io©r*©©o  —  njen^io©^©©©  —  iu  w 
—  —  —  —  —  —  —  —  —  —  funifuai 


ftjJ\j(ui\jruftjwwP'W«7  3  s  3  3  inu>©©inu)i£<2>i2i 


TABLE  II-4.  THERMODYNAMIC  STATISTICAL  PARAMETERS 


ts 


o 

3 


?66gS8258Si2fisEil5S5£i^f5?!?5§ggS!=§====s?2*§**®PB?8ft 


R---o>orMfl^  -  BtnMN  *  -  ®  «h  /  OoiflinryooiGD^;f-«o-nitf)ii  ^  2n9D2n^o>oi\i 

£SSI88S8888Sfi£444®a®®8Pi2ppp£SSSfc222222222  2  2  2**6r^”",v 
Pf:«Rr-3-S28SiS5  5  8^4SSSSlC#4!:  =  SS2R6K7?SRS£2S5SS^S252?S 


•  i  *  i  i  i  « • 


i  i  »  •  i  •  i  • 


oooooooooooooooooo^r»i0tr)K»K>  —  wipep®  —  ®  —  wr'oor-r^r*— o  —  — in^r-o? 

aMOThm/^MC3ina)cncnhnioiDg-hor'-/QmfflhMi3o*ihhh«win5ir*jf\jC)ii)owrt 
/hh/«f'0-r’/'^®Mofl)o-KiM-wffljo-oriD-oi-Ohrf»iMiC--~--ocjoo 
r^hMftjOtlO0OOiP^hnOI-lfl-(DlOK)/Kinniqi\iIUI\HM--«OOOOOOOOOOOOOO 


O  oooooooooooooooooooo 
WOOOO?- - - -  - - - " 

-  x:  r*  od  o 

o  >  o  s  ®  o  <u 

cvj  ru  —  — 


_  oooooooo  0-0  OOOOOOOOOOOOOOOOOOOOOOOOQOOOOOOQ(nO>l0>®O0>r^| 
*00000000000000000000000000  OOOOOOOO  —  Join  -  giO?)rintOOOt'0i^(BI 

SrooooQOQQooQopooooQOQor*  —  y  **  y  tQ'nrgwjpcnn  -  i 

■vooo  —  tfSro(Z>»*.rif»<J'pAi®oo»oJ>(7»tZ>r**r\(ru0»a>r'»i\if\jAj0>»iof\jjrC*inif»  —  —  w®*— ©Otf'jrwrj  —  —  —  < 


V°-ru 

o  o 
fu  f\j 


oin©<\j.r»*f~r»f\,fVi.n«-  a  truo  t  ^  w  -  KicDintor^oj-ot*  —  om 
oiooofijiPQ)ivM\jr'nffi  t  — a>»ofo  —  <nr'U)tf>^’  *  ki  ru  fu  (\j  —  — 

Ou)Q)(Sr'i0^iin  7 


l-J 
*— « 

0£ 

% 


3 

§s 


<M0#J(\j-/UM?lDl0ftjO(\jOKIofuAjilM(\J-O-O--OOO-/OM«ftlhhO-IUWi\/-IVlOOOCnjfti 


1111(111 


1111(1111 


^*8»SKPSUSS<J!S8S3838#!££5E??a??:n£4!n?§?loS8egE?S?ty?"S5'?S3 

o  3  y  sr>njnjnjnjriinjf\ta,runjr\jriPr>rut\jfvT*>r\jr\jrvnjr\jrijrur\irur\jf\jnjj\T  r  y  n  y  y  ro  s  ininrf'inini^pc'oio® 

^^a2fijeiJC£2?«8C8PR3£S?|}|Sa2»S?S<JSSfiS?SSa^J82R?42SSS^RinS2:: 

5uwwa»'no>wu)owifl(ii  -  wf'“foor'in»inKi(0®Hitn®ofuj'tpai  —  r*  —  ©  —  (Oo»na>(7»a>r'innjcn*n  —  mr^r-© 

r  fjA)(ufufUhiIviriiA(AjA(A(All\iAi(\jnji\irulu>UfWnHUnifblUfl(fIinji\((Vni(ufljlunj(uiVtAtAjAiIu(uAffulu(u'u^run( 


a. 

^2 

< 

Z 


K»KS^p-r-i2ioin^  y  y  /  MAi-oo-(\jftMfu----ooowftiMO'*oo-oooo---^-iv(uO)OMM 


»  i  •  (  i  i  i  »  i  i  i  i  *  i  i  i 


iiiii 


uj  CL  7  —  —  y  ®  (\j  J  ^-(JiCii®Qjor\jfu-w/»,'-ip^-w-.®«®fflififu®®iO-j(LMOoC‘®w®rohnwfij 

a  Bhhfroo®-u,,'-Cio-rfifl-oh®o'iPfy®^«hhra)(Du.ri-®c»oifjymKicirn*-oriO(r<M 

<  .  —  .r  r  f'  r~  i-  f'  rtD|p1toffliJwc|ot'liiiiiiMjmiDMqpii)/CjoO'U)/ocr'(PjM^fu--~--ooiJO 

UOp  J  jfcKlhjfUf\jhMRh««8i1T{Jt'MoaHfl»niP'MMnluJ\JI\jfOf\J'----OOOOOOOC 


>000000000 


O  CL  ooooooooooooooooo 
y  ooooooooooooooooo 

t-y 


OOOOOOOOOOOOOOO(7»OAj-lDIV5-f'ff>MWl0njiniflMttino 
ooi-»^ffir-^m^-inMr\j©cnopo  —  ui^iPcu^o^oo—  — 

a  a  —  —  ®  '<1  ®  d  O  -  oe\jff>y&ir>c*--Q>\nir*r\i  —  tyi£r'fuc>~y6j*r>Qt^tri 
—  o  —  —  u3®Wu>r"  —  ofO  —  ru  —  &  ruo»onr>CO^  **  9  ®  ui  ^  M  fy  —  -  -  O  O 


OMO/Moinfflrwto  -  r'r>omo»\j©(fl(Dr'Oj-o>ipr\i®©^rV(CT>©iOi 

oo$8Fu)if)^!xPii*{848,'',rf'  —  — 


ro  nj  —  —  — 


omooooooooooooooooooooooooooooooooooooooooooooooooo© 

oooooooooooooooooooooooooooooooooooooooooooooooooooo 

oooooooooooooooooooooooooooooooooooooooooooooooooooo 

■-n;wj--£uir;<iia;o;:;vid£“i!Sd®2SsiRici!C!eKiffiCg8^»S??J,??g8iS8S3i8SR 


69 


TABLE  II-5.  THERMODYNAMIC  STATISTICAL  PARAMETERS 


. . . 


(f!8S!SSSSSs*£sIII8MI!f  ??!!!5ls81l8SSS**8*,*,,*,:****8* 


B8s“ESi5esssS|i8Sief**sieS!:s 

(DOOOeDflBOOCDOCDeBhM'-hhr'hh1 


iontnn|ViV(y(V!V!V'‘a)iO*‘ioiogtipno 

_ _ 9»CD»oiDa)(DCD(DCDOCDr^r-r^u)^furvi(viai 

h  U)  ID  uxn  J 


o  —  mo  —  cvj<uo>fuo*r*inftj0>£<Bo£*  *  --«MjipwwiooMfuib--MphO(j>o>ooi-«)fV!!OiPr*noio 


» 


i  i  —  —  i 


i  ooooooooooooooooooooooo— o  —  ini\i0tiQCDioCD:r<D»*a>q>0>  —  r*0ior,»r<‘O<\jmAj®iPPi 
Moorvjrv0'9»^0'tn<7»^'o>fu«x»0D*vinffcQiin»0<Dr'^flDa>r*rfci£>rfc  —  c>r*J\i©*5>®,j,©*nip  —  oiioiuouotinio 
riooAjinr'OMinM-ojr*--/ii>ir(Pffi-MhoMi/r'Mmh»oiflto5ir*iPt7wi\)n»---'''*ooo 
!\ioopoi^QtioO)iAiO*r*a)iDo^nKiri*)a)no)oiO(i/nn(\iAiiuAj---oooooooooooooooo 


mu)oi«Din  i  ^fowwrtjniaiwmin^wru^vj  —  — 


>* 

c 


OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO* 

>ooooooooooooooooo< - - - 

7.  rOOOOOOOOOOOOOOQpp< 

- i  Cn  tfS  —  r-  j-oK>K)OSor~^r'ri 


)  O  O  O  < 
I  WKlflii 


lOOooooooooooooonooooooooMCDinonw^ooo 
•  ooociooooooooooooo>o»fhCDrvjtf>o  —  r-  i  ft  in  o*  j  h  w  ip  in 

!S?P»S5C;SPI5p3!PPPf2fi4iSs?8?iS?lR?RieSHS8 


t 


i£M£ioo'p-  nj  —  vo®f\jrur^*><\jry«0|Pr*i*}  —  m©ifl<or-.o*-g»in  —  —  —  — 

0Da)car'5or\itfi35ivr'Air'^dijp  —  a>  in  »*>  —  o»hfiin  t  r  wAjlyi\i-  —  — 

>«-oO)Q(DhiDiniOj' 

"i({;iCSas;4^?5  8it?SS£S  =  =  S52!Sie!iSr:gSSS3!Si2fJ  =  ?JP!5!??a  =  ICi  ”Si 


•  I  I  «  I  •  • 


"■^5SS85S8!:iCjgSSi3  =  S?KSSSSiP;S®P88S!42F:8ffl»KA158CK5:iC!5St;.S2C; 

Q^K»Kinj-^-*~r\if\jfucj(\Jnj<\ic\i^K»a»fVi^rufunj  —  —  —  —  —  —  —  —  —  —  j'jj'j*ro^in»o,oiOiointf5<O£D0Da)--£r2 

-^SS8Ju82  =  P5£??:!e£SsC»2S85S858853?e3s;8l»K;R$?9lS!SE;WPeP7.?8Slf! 

z  . . 

<W‘^<P°if>oi/®-*ina)oftjipo(\j(rr'in»nin<D  —  lOhO  —  w^hm^-Kicp  —  ujftjofyujo*  —  —  diiOfniT’in-j  t  t  id 


<  3 
ir  ui 

** 


r'onjoDcnmr'H»a»r^ajj-®  —  r-^CDnjr-r-ringj^oo)  —  ^»n»pMMro>4or»  —  —  —  ua 

in  h  8  (b  o  r  r^r-r-r'r-Sio.r  MftjMwMwwIijiuiu  -  c\ifuftilufuiUioi0r*a>©C>oo  —  Ajwwwm  —  c»c»fiioru 


u  o.  inu^iMU)r,*or'0^®o  —  oniniv  -  aj  —  h/ciWfv-flBQjjtowfliinhaoMDQHpcDoo  -  y  —  ir>a»ojcpr^to 
qT  foojtnoxh— JtSwMino/— o\pfuofflOMfl5tf>Lnffljnhioooj-*tf>io-0'ci**inct^or*/-P’CDiiin 

uQon?i-air‘hr;h8(DfflO)r'ipl«(Dif>fyo®(JIi/;MMl\il\Ini(«-----8oo66ooooooooooo 


O  Q  CD 

in  foKiroru«\jr\jf\ir\jajf\ifuaiAjrunj  —  —  —  — 


o  ft.  nOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOp»r'lflMMfsOKimiD(VlftjOh(C)ininfVjJ 

*  OCIOOOOOOOOOOOOOOOOfMP^OJ^  CD^r'<£  —  K>  —  Of"  o  O  i\l  in  Q  Q)  i  -  iDlT'lJ'Of'r'MtEninP'-U' 

P3e8SSR2i8258£R5S8s8iK8jit88ifis8?SifiJiJS8fiSA£S;6?!28S3;P(ii^i28S 

r*  ^  a)  \o  U5  in  y  —  r*oCT)iPtt)f\jM®®  —  ®®QrfCD©u?®  —  moipfViaiiDj-ftioif^in.riAiu  —  —  — 

—  —  op  —  winc>fur'ry(P/ohiOftjO(jlhiflip^  tMmftjfti  -  —  —  — 

•  ooa»®r-iolo^  .r  in  k>  ni  fa  ru  — - — 

5  Of^OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 

—  OOOOOOOOOOOOOOOOOOOOOQOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 

»-  SIOOOOOOOOOOOOOCJOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 

<  N  ^  '  a  *  *  * . . . . . . . 

h  — fljfo^tniDr-acPo  —  njfojrioujr^wcpo  —  njro,rip»Dr'(po>orv,yiQ®of\j.»-tf)®oru.xtD<5or^.rU}<x>o 

in  —  —  —  —  —  —  —  —  —  —  njfUfuruAjf\jru(\jAir\jfnfnKfn?o.*  3  s  3  .riOioininiPiDUJiDioior’' 


70 


TABLE  11-6.  THERMODYNAMIC  STATISTICAL  PARAMETERS 


o 


^PF^J?ien^^2!?!5^^SiiilSiSs5fa®2i2§2l*B§e»§88??«£ 


i?:cESsSS:?27RSSSaJC«2SS85£!gas;5'8P£S*£SSS8£K##SS*SS3(?P;S£ 


°  S2SgJi3535SSS?PSC8R?S22S£s2  22SS828S£K2F222!:gr:glC5RSR8 

l  ••'•>•••••  •  >>•>•  > . •'•*•'■'* . 

O  OOOaOOOOOOOOOOOOOOOOOOOmiO|plptftO)(Dl0OMPtf>(OflDlO/OOth  rioniAhiOh  y  01  M 
wooKiatO'A/yoor*M,,i-(v-«-ooyMfuivo-**^5io™wj-635iomaM-u)Mei^Hioaihif»ioo 
■  i!CDor'r'r\jio^w»yu>tt^n^«3roaiif»o>Jrcj»nr‘^Ajcnw»io©j,r*ip  —  oinAiooh  o  i  >-  —  —  —  oorjo  — 

ON-nnii\j/moi2Ki-9iMoyoo-/h>iobMO)n/nnn(AiAiiu---oooooooooooooooo 


•*000000000000000000 

5HOOOOOOOOOOOUOOOOOO 
vOOO-®MCDK'^f'OMO'-fUC5ua) 


if  °  *n  jn  —  y 


OOOOOOOOOOpOOOOOQQOOppopQ  —  "f  IOt9(Ml 
ooooooooooooooooIpa5<\j.t'uoutf>intfS  —  mhOMlUfi  -  3) 
oqpwnjo-ipmwpiflip-hMaMo^h  p  h  (O  p  -  /  m  t  ifl  p  nj  O) 


ip  kP  —  yfbmjioK'w»o«h*P(fl(T>w3io  y  Aj  3  a'r-r-®~iPO(pi\iCr>K>o 
r~  r*  r-  r~  c5  a>  3  m  i\i  f'  i\j  h  ^?/iAj®ifin-a>r'iD»Oi  y 

--OffiflPFMflJiiT'y 


-oyopwMMi£),drtioo-,xiocjt«oMf-«ofw©»«-.««ayoynj--cjn'in(rifiMii>roi\ioi\< 
3  7jru-<\j-rJ-rtnjo-wrtAjn<o*-nj-«-C)«o--oftj--ft#AihiOin<\<-OJoinj’«DMiPOMfuMIj- 


1  »  1  1  1  1  1  1  1  1 


□  to  y  y  y  —  r\j  —  —  QMjift>o^-u)k)u'^!SpIr®pfflrti)(Tior'orj{rruiflu)o»iao(rajnf'i'M 

o  ^  r\j  ai  — - —  — Ajf\injruruAi<\iAjr\jr\jr\j  —  ~  — - • - - —  ivi  ni  •*  •*  3  3^3  3  s  ^inotfJtor-r^or- 


•MAJWMI  y  ny  y  y  y  PCtfUDr-  6  06 


►  XAnOPfflMo-octfly-ftjr  t  y  (flt*  Id  P  -  pi<FinDlOW-AjW(y|flyQQfflooyort;y«offiMt*®o-g| 

f\J-U)5'yh«6jal\<OMyii)(I>-0ifflWM|0P*U)O--(TMDMOlfll\iyfflUSj-0tnOfU0>0'y«if\ifUJyOO 

Z  O . . 

<,jcpm^iD-ifioyr*-yoBoMOyM  yc:cnrutPCDor\jKttf>r-(pr>fvtPoinoooipaDCT>r*ipruo  r  oifia  -  f\i 

t2sf3icggKiCSiCfi(CSs35:ssssssfi:s:5RiRi8ii!saacR:s)(C*iCi'jieie)esieieieicicic*ScRi 


.j  r*  mi»  h  m  o  h  ♦f\jK»a)ocp  —  ocDf"  wipoAju)of\j(OoiOin«\j-ofVhiocvjf\i  —  .r  .f  o  ip  —  **  y  cd  nj  r-  ^  y  O'  id 

•?  a  iP  «P  J  n  fp  hi  P)  n  y  3  tO  3  3  M.-OO-ai-OOOO»-«-(UKlMMOOOOO----OOOOO-Mffil0Mw 


I  ••  I  I  I  I  f  l  l  l  I  I  t  •  I  I  I  I  I  I  I 


•  11111*11111 


1  q.  o  O'  <ji  w  —  hftiWhOftihffiyioo^ojhffioiMr-  -  t  o  <o  —  ipy— fuiDior-offikonjOMQoojw-fuMiPiflivi  — 

orjumtopyr'iny  —  r-  a,  o  —  rj  fu  r-*  — >  —  o  (T*  »P  .r  ip  (7*  —  yp>OhfuM»py  o  o  r*  r*  •*  o  r*  yfUOEwyyiO 

oOy;'6  0Miarjgc'0>OLOtOu6^n'(j-ycn1fQaMoilMO(nM-othil;iTym(u|uf\i--'*-C)tjooo 
iOffl-ofctoylof\<-~ouo-b'ilij''ioij)n.'If'ioywP)Malftj(\/----'-oooooooooooooooaoo 


o  a  000000000000  ooooooooooooopppooop»njiji)n'flyoin(DinB«-oMihoi5ft( 
»  cooonoooocjoooooooo<\j(\iMOMoi/'Pifuf^ot''-(\jwO'»^Ci,^y  yofflop  yDy^o^tflw 

P3enP«R8?S?SSR5i:R|432B8FP|SR2!8a8®P8?S5S£»2!2?8?liSR?Ki2R2£g 

piO(nopMP''j6jO(J»iorf\i  -  t  —  -•♦mr-r‘<jirvjioo»pfvy(j>io^ruci»r*ir^»^#\i**-»  — 

o  OKIOOorjOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 

—  00000  0000  <3  000  ooooooooooooooooooooooraoooooooooooooooo 

K  X.  oooooooooooooooooooooaoooooooooooooooooooooooooooooo 

2’Vi^--:«;^J.k;«ir-®<ro;:rJ;!n;!n«Dt:52gsi3RiiCgfcgSS»i,T'-’s|?~»"?gi!<iSSS3i8S? 


I 


?Ob.M  10.79 


TABLE  '1-7.  THERMODYNAMIC  STATISTICAL  PARAMETERS 


^^gi^^pP^8S^|^*S|gPieg^P|886S8#iSR«»8#8i:8s8!S2 


S*^?iSg8p5P^Sg^|^«8Sgggg  =  fiP|5a8S8S8S88688P£?IS22i 


°  =25S£gS82  =  SSs:?F:SK;SffiJ?i«R22E2iv:882!eiRS5!:88  =  lC?J  =  8  =  =  2K?(C« 

u  it*  ’  *  i  i*  i  i  i  i  i  i  i  i  i  *  »  ••••••*"*  •*  »'  *  i  *  i*  i’  •’  i* . 


O  oooooooooQooooooooooo-o--r'OMffl-ffljf(jifl(pflitrk«tMip-B)icnioo(0!\)iO« 
moo.**  —  oo  —  oiwrnv  -  to  aj  10  gd  <u  ~  —  —  ^®tf»jpxo®r**wo(vu>fvpMfyinr‘«if^5i«p  —  <r.  r*  .*■  —  odiri  i 
•  t  7  coco  WM-mfi  w(\j~  r  o  Al  *n  aa  od  r-  -  b  #/d5#inoclif‘i05W»niu?i--««-5oo 

ONOOIT'<IOMO10iOlOD^OMboh-h**liHVl(ltOlfl^itfMni\ini'>«>**-«OOOOOOOOOOOOOOOO 

O  OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOQpOOOOOOQK»a>inr*Q«PMqi« 

K>oooooooooooooooc3ooooopoopoooooooooa»iVffi  —  cooiOT^inr^—oAjfflgjoiOr: 

5£uuouuguuauuuuuL/Ciuuuuu|y^/0MnK/l'Uiiu~MKiuinr'aiuruiyui(ihi^|igiir(*<a) 

\  ooofuhonoiO"  —  oiprij-ooo**  -  ®  r*  iD  ~  —  —  —  o 

!t!0K»fuo»wftiB)o®wj,oajcDiD©«  —  inwipofflMJ*-ioouMuo>iohinin«\i  -  —  — 
hr*or'®oif\jTO(\jrrjr^Jiilonj(MOw-(^o^ioiiwn(vfti--- 
--O0»5hM0lfll0x#MWiwS«I---- 

-  SAi£S£gSSlC2^S  =  2!S^5Sj?RS!!q8a8  =  8£!X8t:SR!2lC£s;»8R{?CilR282!eSpgs 

2  »’  i‘  '  *  i' »  i  >  «’  •'  -  ’  •'  r  r  ■’  •  •  •  >  •  *  <  •  •  >  i . >  >’  ’  ■’  <”  lit’’ 


^!2C:2££;f!;8RftsP!2ifiPP*2S  =  SPSS¥?888£888SgP5S8P*£*4C882^Sf-5^ 

. . . 

I  ^  M  M  - —  ~ - - - Oj  Ai  Ai  f\J  ~  — —  —  —  —  —  J  JlPUJ«MDO>(TOO>£l3 


5o .  . 

uffipiwh(\jiDoiPCDaMnr  ji  -  MQi  /  t  vpr-ofovDCDofu^irir-  ^o-^O'jO'iO'^o^iT'Mur-  -t0  *  r~  o  ^  id 

seaSKEffifficc)e«iC(Cs!(jRis:ss8ssss:f5sRjR!aRiffiRi5SSK;ti{.fi8S!e)e*ieieicic«4!CSRis 


_j  —  —  o  m  -  iD^otHonfiu  -  o»/ho(n«  -  Mowoonnor-hhftihooi  -  —  mr'O»r^Mf'0DO»f\j  —  ru  fy  r--  i 

t,j  ^  i  •  «  i  i  •  i  *  i  i*  •  i  i  «  i  i  i  i  •  i  i  •  i  i  i  i  i  i  i  i  i  »• 


u  a  Qr>>tfir'a)r'Oo.7O'ru<D*">ipoioa)0tr*or'O(\j<0r*oin0tr,'O  —  p^roipocD*D©ww  —  g)  <u  «>  m  w  w  -  ry  o>  t\j  to 
C  ioiuaiotnrtoco'ootrAifitr'iooioirMnivr  /  Pipoino'ff'i*ocfi-MO»(j»-;fflioMof«oa'  /  r  t 

3o??JS;gW4S5SS?,f5;?7iG28|C4|fif54aKifcS2!22t£2iggSS££S8SS5ooogSgS 


U1  OJ  Ai  ft*  Aj 


3  o  o 

Psesa 


h  r  r-  r-  a>  a)  r*  io  --  r  a  o-r-owwofii-iooqj(j»Ajjfl*'jpw(j>h/ruo>hiniMftj"***' 

- O  u  —  (DiOfA  —  OTCOiOlO  3  / 

■  oo90ru)irj>  j-pSkiojAjAj  —  —  —  — 

5  OIAOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 

— .  OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOaOOOOOOOOOfJOOonooo 

J  EOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOCJOOOOtiOOOOO 

SM  •  -n;^»«4«ir;aioio^r;;«i!i!S2®2Sj;RiS(?ilC8Ji8Cga?  aR?????S3i488S3488g 


72 


TABLE  II-8.  THERMODYNAMIC  STATISTICAL  PARAMETERS 
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TABLE  11-10.  THERMODYNAMIC  STATISTICAL  PARAMETERS 


pppppppppppIgppppfjjpjSpjS'ggggsiggsisg®®®®®®®®®®®®®"''**"™™ 


p|:f:F:p£{:ppppppppppppiS{SpS888£S885S^^®**6tt*6®*r'*-r"*,fcrt« 

23f‘flS®|0,r‘K'r,*®r'®*'£-*  ©0»®oiotf»f*<ui©«5«£  —  —  **>oioor~r-®o(Dhoootf>r‘<T*.rip<7>>— 
0©«F--oo--fw^  F-ff)®/iM-o-'*--ooooo-oo--(onftl(\jj-(\jn-AlM^jii5Mf*io^K  y 


O  ooooooooooooooooooooooh-Ohtph<\ia)r'Oihmoi-oioiU090M()omoCDi’ii©’*© 
kiooo— r-oa»oc^'j-*or'r'  —  cT'rr'r-kOOfurf^^VCPO'Vjr^o— fervor'— r*<\j»nr>r'r'ioa>?S  —  r*xoa3i^W 
•  Xi&yfrU)\Dr*s  ^.r'U)Ma)-(ViAjr'm^ipioor'-^olnpror*fV9|flrt~r'^^®^^^w^^nj--"-ooo 
O  n  t  -  h  y  «1»-tn^oA<nio*.o»hjnif>j  —  —  —  ooooooooooooooo 


MD-a>MDli">r^  T  T  S  .*  f\j  —  — 


OOOOOOOOOOOOOOOOOOOOOOOOOCOOOOOOOOOOOOpOOOap»OK»r-  —  »  AiOO  I 
*r>or»ooon'-‘'^ucjoooaoc?ooooor.  oocsaoosneocs  J  •■  r-  -•  5  r  r  if.  7  rv  »  b  o  r  {>  <£  j  £ 
oooooogo{jppooouoooggo<\jirtr'n®i  Qo-j*o/o^Qffl«ifl-oSiinhAjorgt  cr.t  —  flp 
ooo  j  t  <X>  r\i  t  —  o  tofrS  ioofl>8lOOftp  r  -  iT>  ©  —  —  W  ©  .y  obifli/l/mRj-x-o 

) .  .  .  . 

So  c  a>  ni  u)  o  o  m  r  ooin<v^yjfijffioM-woic^(Do  /  Qiip-(DmoMninM-*‘" 
o  a>  r-  gj  a»  —  •  »wi\i<yfu--- 

■ - «  w  ft,  fu  f«  - 

^rj^-OODlOOWv30CD(J>-^OtaHfl-f\MflinWf-(fliTimWmMh--.M/l|piaKlMtD(r>ftjaj/OOlO 


*-  ^rv«pip/g)fooec(T»t:»ofvcii»o»oc7>wc)K>^  -  'V  —  ®  I" 

•  o . . .  . 

o^*''OTrurur\jr\jrvjAjnjfVj’*><\jr\jr\ir\ja»'\ifUftj'\jru<u  —  —  —  ruftjft<i>/i0^tf»0toa)inin»n«o«oifir^03>a)cnoo  — 


aOfioinum(TiKi^(j»fv/jr'Oi  ui  j  r\j  r\j  r  ©  —  ^•tf)®oAj*of'iocD(T»^h-—  o  —  rKiior^rtOM  -  r-  y  r  ~  ip  »p 
»u'u*Viru»w«UfuAjr^rurjr\il\jfV<f\ifUfwfgri>Ai0j(Viru0j<\»AifUfOfViAJf\iC\j<\jfVdAilV<«\l«wAj<Vd^f\iCV»A<Ajr\drVd<V<CUfVd<idru 

iT>to,TO  —  uDcnj*or*iK>ou3  —  **'rucoa)<otjDr-'(7'a>o(7»i0o.rKitf>T— •ocaorxj  —  oo  —  a'^o'oo  —  (nr'(7»!£'r^ 
ooMptfiwftjfUfufyH)f\j--ooooooooo-oooo--ftjMOW;  /  r  P  if)  /  s  i P  ©  ©  ©  r  r*o™ooi- 

i  *  i  i  i  i  <  i  i  t  •  i  i  ■  i  i  i  i  i  i  i  —  — 


pjWOff'-cr'rAB  /  >o«cimT«0ff'OjAjCMJ>0'MU  -  —  —  r\jrvjif>iPr»r*^(D^r^ir>r'0  —  —  xry<r.  c>  n  w  ai  o 

ifl  ®  ^  o  ftj  o  -•  •Mc>F-r--'v»<7>n>ffi.y  ©iDt'i&OPj  —  ru^v  f<DO**'pr-C'»OP'4f*®C»r*iPtf’»ff)  —  r*  **>  o»  ©  ^  {r>  ci  •  * 
f'  Li  p  c<  O'  fj  O  ^  r'  r  ffi  f  "i  -  r  u}  r*  .r  ©  (T1  >  Ip  »0  —  2>  X»  «vi  o  ©  ^  ^  —  J*  f'-  ©  a"4  .♦  ^  ^  Aj  fj  -  -  -  f>  o  o  o  o 

I  h  h-fu{pr'4n»>x'iJ5©F-r*K»f»K»a>b>rol^t'i)b'>  —  —  —  —  ooooooooooooooPoo 


o  CL  oooooooooooocsooooooooooooooooooo**'*"»fj~© 
t  onoonnooooooootiouuAj^fUOoai^n/o^niOdDtroiouyo 

—  —  jrRSS^r^cvfulSo 


o  m  r-  »*•.  in  in  -  in  .•  ^  «i  ji  tu  o  - 
r-  cc  r-  tr.  o  t  ffl  m  m  fj  O  y 

KPRSiSafiaS'-SCSfi 


roipyw-f'ooiflr  f  kioo'ioo 
--UO-'ri<'3'K'pajj);  «  •!»  w>  - 

oo©®^©©*  y  —  —  —  — 


o*,  oa>nfflpiflCD'-iPO(pnjtJiu)y  r-j 


ru  ©  ©  .y  rj©U)*TMWftj--- 


o  OfOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 

—  OOOOCiaoOOOOOOOOOOOOOOOOOUOOOOOOUOOOOOOOOfiOOOOCJOnoOOO 

»-  rooo©oooooooooraaoooooooooo©ooooooooooo'-'oooooooc:<>ooooo 

4  N  U . . . 

►-  —  Ai^-riP©^©®©  —  fVi^.ytpajr*©©©  —  f\/^^ip*i>r'©mo/sJ<yjCDOAj^o©ooriri®ofv^<CtV>0 

i n  —  —  —  —  —  ^  —  — fVjOdfViOdfurVj'wOjruftdfOrOK^fAxT  y  y  y 


75 
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TABLE  11-12.  THERMODYNAMIC  STATISTICAL  PARAMETERS 


tc 


1 


4r»  s  f  twwwAiC'iflrooto  io'7**©-rw-f'»nt'owoiBr,,B®t,‘©-“fvar'ip  /  ►'i  o  r-  r*  u>  * 
r~  Q  r-  r*  t  C2  r~  r~  !fiW!JtfiO£'ilZXn5l’*°SPr  /  pMru^^hAjofiooooiOMfOiOOOOIBUJinp 
r*fl)OOOlDQ)O(DOwfiwwOO)w9(DOO(Dnr'rr>fkr*i0lD^l> 


iDcDir<pCT»a>or\jcnoo»rur^yQipr'f>fUf\iK»©roiflruf-‘  —  /■or'r*air*^ngD(rir'  ;9;oriHinj  to  a)  0i  r\j  o  ®  <* 


l 


ooooooooooooooqooj-m^hoiooiNjtfQj^OiarM®^ 
h  —  rViftjW/tnfflf*  -  <L  O'  3  (\MniOipinSNhl  O  iH  -  O  (fl  r  j  -  r  ip  /  -  r 
CD  —  o  t  i  mFLjJih(jittgocpi\jiO«pio0iOhO|Mo(V!7lrOvifti9t'Of)  ; 


O  oooooooo 

M0000-0»0^ 

•  I  o  o  -  j  i  *o 

OsHfttftdiOOMjO 

•  o . 

yi  —  ®tf)*njjjrjj  j  Piom  »  i  « 


*  -  r»rvjrj»*©3r- 
—  —  —  —  o  — 
OOOOOOOOOO 


a: 

M 

CO 

JJ 

o 

UJ 

a 


7  T:  OOOOOOOOOOO 
<  ^OOOAiOID^^jvOU 


oooooooooooooooooooooooQooooQopm«j  —  r  o  r-  <*  m  **»  fu 

OOOOOOOOOOOOOOOOOOOOOOOj6<nO  —  —  ;  N  J  o 

oooooooooo—  i*i  m  iji  m  n  *  -  m  n  ip  w  (ji  ♦  m  •.  n  ,n  m  »  ,ai  ,.  n  .,  •  .  a 

a>**(0tPiPU)O(0  -  rj  0t  fti  b'  i  -  M»o»ofuf‘^oooo/w^i"--6 


t  i\j  -  rjrvjKiryajiprvj  —  »f>  —  pnpfMfl  -  —  —  — 

iii  m  a  Hi  t  i<-»A40'fM.*4»r'^ir»r*r^  - -  -p®r  p -  nr*  «  ;  ®r*»^c»r'p'*nj  -lOPDroMO  r  r*  —  »o«\j<v<or*.o» 
P  if  ®  ?  *o  j  7l\jrfj«(\jo(\j^ruf\j/Hioooo--ror*hdr>w-oH<fliiPia-oofaop»'-Aj»floh  s  €* 


* 


'‘35C«5raiS2£Sf:^8S(JSSI 


:?&p£*p;4Er.82sS3Ri!£P&SC;S433L:ifSPP3* 


°8 


iP  ip  i  *orvi<\jrvjror\iKi»oAjrof\jpOK»rucv»rMK»foK»fufu»viM»^j  j  s  *  7«WMOtf)iOMOiOifiiin0ogiO(noio»o 


*->'P??RPS3J3*!5!S  =  8«81S8¥3fiS  =  !!iPS8235;SRR?i:j5iSR;if:"s2^SSP*(r,f: 

7  O .  . .  •  . . . 

ao  ai  ip  —  r-  <\j  id  n  »nto©>-*or'r0®®fo<v(Pj  t  od  —  Kiioffloru^ipr^o^ffl* 

- —  —  -  - -  -----  —  —  -  -  -  rj  r\,  I\j  w  fO 


18 


2  8 


to  ®  ®  (P  ®  t '  ('  Ui  «p  /  K|  Ifl  Pj  -  P  u  o  o  O  6  O  - - -  Tj  ^  o  ry  ^  w  »  ♦  ip  j  p  ip  ul  u‘  ip  u.  J  k»  ^  ;  r  **  \,  — 

iunjiw(u^ry>\j(U>U'U^AjAifVfVj<\iajlw^(ul\i^l\il\l(UMOjroroful>jr\i(\;(U(uiuiului\iiwlviu\inji\<iUN<uiun.<u<\l 


>0jor'C'0<xM' 


m  **  o  • 


j  —  o*  /  j 
■  —  —  o  Aj  m 


n 

5f 


M  O  ^  O  -•  -  » 


u  o.  O'  r>  in  _  —  .  _ 

r  |DO»Ho  J  /  fljKICJI  ' 

-  '  f. 

7  7-00-  —  l\j  —  — 


U  O  g 

l/» 


-  P  -  ffl  M  m  ;  Q  —  —  OO'lDO'J  O  J  OCDtQOlOintO 
•  0'OJ®^^<ROJ  M|Pri47OOW7Mk1f0M(j 

-  o  u)  j  —  g(poPj»^^»'j''0>f‘r®«'rJo 

rfli  j  OQ^>0®0»PJ  iMrlfOWMAjiOftl'*"-'* 


r  j  o  o  r~  fP  Pj  r*  -  i  7  -  cd  o  o  ■ 


70  f\j  fVj  •—  —  — 


o  a.  oooooooooooooooooooooooooooooooojfooj©r'in  —  o  ro  o  ®  o  fy 

r  oooooooooooooooooocn>nc;®^'C*ir»a»^i  /  -do-  y  o  h  E  n  n  m  m  -  c  c  o  o  d  o  o  d  i* 

P5eS!S&i8§  =  3Sr,C;if.5;li4¥?S5R/(,«?2SCiT.t2&S*P£Si555(tPK834SAa^^lglifi 

P¥ 


yi0iipnj\Jn7r'tf'\j^0'-i0i0Of'CD-f'f'iPhOJ70>^-®iPW« 


—  —  — 


6  otnoooooooooooooooaoooooooooooooooooooooooooooooooooo 

—  OOCJOOOOOOOQOOOOOOOOOOOOOOOCJOOOOOOOOOOOOOOOOOOOOOOOOO 

*-  COOOOOOOC'OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 

<m5 . 

»-  -D^7lPlflr'ffl(?'O-DM7^OCBCT'O-»yM7PU)^P0'OfV7lDfflOD7lflffiDfVJ0i?OriJtO!tO 

in  —  —  —  —  —  ~  ~  —  ftiAH\»Oj/\<ro^rjrjAjMMK«rt7  7  7  J  7tfl/O??«)l0i02>iSt" 


13. U 


TABLE  III-l .  MOISTURE  RELATED  STATISTICAL  PARAMETERS 


JANUARY 


STATION 

*  747940 

CAPE 

CANAVERAL 

2 

VAPOR  P 
TCAN 

S.O.  VP 

SKEW  VP 

KM 

MB 

MS 

.000 

14.414 

5.176 

-  .23 

.003 

IV. I4| 

5.140 

-.19 

1.030 

9.035 

4.379 

-.41 

2.000 

5.641 

3.245 

.21 

3.  COO 

3.231 

2.085 

.70 

4.  COO 

1.991 

1.348 

.94 

5.000 

1.194 

.046 

1 .08 

6.000 

.735 

•  5t0 

1.11 

7.0C0 

.427 

.296 

1.02 

8.000 

.239 

.158 

.93 

9.000 

.113 

.074 

.94 

I0.0C0 

.047 

.026 

.79 

11.000 

.020 

.010 

.74 

12.000 

•  0C9 

.004 

1 .18 

13.000 

.005 

.003 

1.63 

14. COO 

.003 

.001 

.63 

15. COO 

.002 

.001 

.13 

16. COO 

99.999 

99.999 

999.99 

17.000 

99.999 

99.939 

999.99 

10.000 

99.999 

99.999 

999.99 

19.000 

99.999 

99.999 

999.99 

20 . 000 

99.999 

99.999 

999.93 

21 .COO 

99.999 

99.939 

999.99 

22.000 

99.999 

99  999 

999.99 

23. COO 

99.993 

99.599 

999.99 

O'. .  000 

93.993 

99.539 

999.99 

05 . 030 

93.959 

99.539 

995.93 

26.C0C 

99.939 

99.939 

939.93 

27. COO 

99.599 

99.393 

959.93 

28. COO 

S3. 999 

99.933 

959. 93 

29. COO 

59.999 

99.999 

393.93 

30.030 

53.599 

99.990 

999.99 

TV 

TV 

SKEW  TV 

OCWPT  T 

MEAN 

S.O. 

It  AN 

CC'1  K 

DCS  K 

OCO  K 

299.46 

6.32 

-.68 

284.46 

289. 19 

6.30 

-.59 

204.17 

285.78 

4.88 

-.84 

277.9* 

291 .74 

3.76 

-.04 

269.44 

277.46 

3.39 

-.73 

262.11 

272.05 

3.36 

-.79 

256.11 

265.9* 

3.29 

-.67 

250.05 

259.44 

3.22 

-.70 

244.70 

252.77 

3.30 

-.85 

239.01 

245.65 

3.31 

-.63 

233.45 

238.10 

3.22 

-.49 

226.65 

230.48 

3.07 

-.32 

219.72 

223.47 

2.97 

.20 

213.39 

217.52  . 

3.35 

.39 

207.43 

213.64 

3.56 

-.01 

203.51 

210.82 

2.89 

-.22 

200.28 

207.31 

2.56 

.39 

196.99 

204 . 15 

2.69 

.74 

999.99 

202.  s* 

3.11 

.73 

993.99 

202.24 

3.55 

.57 

999.99 

204.46 

3.52 

.38 

999.99 

207.54 

3.30 

.29 

999.99 

210.60 

3. 14 

.17 

999.99 

213.36 

3.09 

.09 

999.99 

215.45 

2.9* 

.20 

999.99 

217.49 

3.11 

.10 

999.99 

213  27 

3.19 

.17 

993.99 

220.91 

3.14 

.14 

999.99 

222.71 

3.25 

.11 

999.99 

224.57 

3.56 

.01 

999.99 

226.25 

3.57 

-.03 

999.99 

228.00 

3.76 

-.10 

999.99 

5.0.  OPT 

SKEW  OPT 

NOBS  T*P 

NOBS  TV 

0E0  K 

6.61 

-1.11 

779. 

779. 

6.56 

-1.01 

894. 

896. 

9.22 

-1.41 

842. 

896. 

9.62 

-.61 

779. 

896. 

8.93 

-.19 

712. 

895. 

8.56 

-.08 

669. 

893. 

8.37 

-.07 

654. 

893. 

8.12 

-.21 

643. 

892. 

7.92 

-.41 

675. 

889. 

7.42 

-.56 

644. 

B86. 

6.79 

-.67 

607. 

003. 

4.97 

-.35 

441  . 

881. 

4.18 

-.43 

369. 

878. 

3.50 

-.50 

369. 

877. 

3.59 

-.36 

287. 

872. 

3.13 

-.58 

103. 

869. 

2.27 

-.13 

13. 

865. 

99  99 

999.99 

0. 

857. 

99.99 

999.99 

0. 

838. 

99.99 

999.99 

0. 

827. 

99.99 

999.99 

0. 

810. 

99.99 

999.99 

0. 

797. 

99.99 

999.99 

0. 

747. 

99.99 

999.99 

0. 

736. 

99.99 

939.99 

0. 

724. 

99.99 

999.99 

0. 

718. 

99.93 

999.93 

0. 

703. 

99  99 

999.99 

0. 

687 . 

99.93 

993.99 

0. 

623. 

99.99 

999.39 

0. 

602. 

99.99 

9.999 

0. 

480. 

99.99 

999.99 

0. 

474. 
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TABLE  III-2.  MOISTURE  RELATED  STATISTICAL  PARAMETERS 


FEBRUARY 


V.IATION 

-  787980 

CAPt 

CANAVERAL 

2 

VAPOR  P 

S.O.  VP 

SKEW  VP 

IV 

TV 

SKEW  TV 

CEWPT  T 

S.O.  OPT 

SKEW  OPT 

NOBS  T«P 

NOBS  TV 

MEAN 

ft  AN 

S.O. 

ft  AN 

, 

KM 

MO 

MO 

DEG  K 

DCG  K 

DEO  K 

OCO  K 

•  COO 

19.000 

5.311 

.02 

299.20 

6.89 

-.33 

293.99 

6.52 

-.72 

717. 

717. 

.003 

13.770 

5.316 

.  10 

280.96 

6.53 

-.26 

203.73 

6.5? 

-.63 

798. 

799. 

I  .000 

9.072 

8.818 

-.10 

285.30 

5.05 

-.57 

276.59 

9.09 

-1.01 

760. 

800. 

2.000 

5.213 

3.183 

.33 

281 .20 

3.93 

-.82 

268.17 

9.88 

-.87 

719. 

800. 

3  000 

3.112 

2.076 

.01 

276.61 

3.60 

-.88 

261.52 

9.07 

-.16 

663. 

800. 

8.000 

1 .919 

1 .381 

1  .08 

271.10 

3.52 

-.07 

255.55 

8.72 

-.07 

638. 

799. 

5.000 

1.196 

.868 

l.tl 

265.12 

3.52 

-.08 

289.91 

8.63 

-.10 

617. 

792. 

6.CC0 

.731 

.517 

1.15 

258.70 

3.58 

-.17 

288.62 

8.21 

-.30 

618. 

792. 

7.000 

.830 

.295 

.93 

252.05 

3.57 

-  .8", 

238.96 

8.29 

-.62 

621. 

792. 

8.000 

.229 

.180 

1 .00 

288.96 

3.67 

-.87 

233.10 

7.29 

-.66 

608. 

786. 

9.000 

.  1 10 

.067 

1.05 

237.75 

3.60 

-.36 

226.65 

6.28 

-.71 

5G0. 

786. 

10.000 

.085 

.028 

.81 

230. G8 

3.82 

-.08 

219.89 

8.79 

-.81 

881. 

785. 

11.000 

.020 

.009 

.51 

228. 17 

3.39 

.16 

213. 17 

3.99 

-.88 

386. 

782. 

12.000 

.010 

.005 

.71 

218.98 

3.77 

.11 

207.89 

3.78 

-.51 

382. 

780. 

13. COO 

.006 

.003 

.06 

215.07 

3.59 

-.18 

203.72 

3.91 

-.87 

235. 

776. 

1<4  COO 

.003 

.001 

.53 

211.28 

2.79 

.19 

200.23 

3.37 

-.67 

76. 

770. 

15.000 

.002 

.001 

.22 

207.22 

2.61 

.36 

197.39 

2.83 

-.20 

12. 

766. 

IP. 000 

99.999 

99.999 

999.99 

203.97 

2.72 

.38 

999.99 

99.99 

999  99 

0. 

759. 

17.000 

99.999 

99.999 

999.99 

202.31 

2.91 

.33 

999.99 

99.93 

999.99 

0. 

751. 

18.000 

99.919 

99.990 

999  99 

202.85 

3.25 

.23 

999.99 

99.99 

999.99 

0. 

786. 

19.000 

99.999 

99.999 

999.99 

208.9* 

3.13 

.10 

999.99 

99.99 

999.99 

0. 

739. 

20.000 

99.999 

99.999 

999.99 

208.08 

2.91 

.19 

999.99 

99.99 

999.99 

0. 

727. 

21 .000 

99.999 

99.999 

999.93 

211.11 

2  68 

.16 

999.99 

99.99 

999.99 

0. 

692. 

22.000 

99.999 

99.999 

999.99 

213.72 

2.68 

-.07 

999.99 

99.99 

999.99 

0. 

678. 

23.000 

99.999 

99.999 

999.99 

215.56 

2.51 

-.11 

999.99 

99.99 

999.99 

0. 

670. 

28.000 

99.999 

99.999 

999.99 

217.38 

2.66 

-.17 

999.99 

99.99 

999.99 

0. 

679. 

25.000 

99.999 

99.999 

999.99 

218.97 

2.66 

.06 

999.99 

99.99 

999.99 

0. 

667. 

2G.C00 

93.999 

99.999 

993  99 

220.67 

2.58 

.12 

999.99 

99.99 

999  99 

0. 

651 . 

27 . 000 

99.999 

99.999 

939.99 

222.87 

2  62 

.28 

999.99 

99.99 

999.99 

0. 

585. 

29.000 

99.959 

99.999 

999.99 

228.27 

2.82 

.20 

999  99 

99.99 

999.99 

0. 

567. 

29.000 

99.999 

99.999 

999  99 

226.25 

2  93 

-.02 

553.99 

99.99 

999.99 

0. 

8V7. 

30.000 

59.9-39 

99.999 

999.99 

228.20 

3.09 

-.12 

999.99 

99.99 

999.99 

0. 

8VV. 
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TABLE  III-3.  MOISTURE  RELATED  STATISTICAL  PARAMETERS 


MARCH 


station 

•  747940 

CAPE 

CANAVERAL 

z 

VAPOR  P 

S.O.  VP 

SKEW  VP 

TV 

TV 

SKEW  TV 

DEWPT  T 

S.O.  OPT 

SKEW  OPT 

NOBS  T«P 

NOBS  TV 

MEAN 

MEAN 

S.O. 

(CAN 

KM 

MS 

MB 

CEO  K 

OCG  K 

OLG  K 

OEO  K 

.000 

1C. 256 

5.189 

-.23 

292.03 

5.62 

-.40 

286.58 

5.64 

-.91 

725. 

725. 

.003 

15.788 

5.258 

-.17 

291.78 

5.73 

-.38 

286.07 

5.85 

-.86 

872. 

872. 

1.000 

10.523 

4.368 

-.22 

287.20 

4.82 

-.89 

279.94 

7.74 

-1.16 

635. 

872. 

2.000 

5.937 

3.369 

.16 

282.82 

3.83 

-.85 

270.20 

9.50 

-.57 

726. 

874. 

3.000 

3.319 

2.112 

.68 

278.14 

3.57 

-.44 

262.55 

8.74 

-.13 

668. 

874. 

4.000 

1.955 

1.287 

.91 

272.28 

3.51 

-.39 

256.03 

8.32 

-.10 

654. 

873. 

S.000 

1.181 

.796 

1.06 

255.91 

3.50 

-.20 

250.14 

8.03 

-.12 

644. 

873. 

6.000 

.713 

.499 

1.08 

259.26 

3.43 

-.17 

244.38 

8.10 

-.22 

636. 

872. 

7.000 

.4C6 

.282 

1.02 

252.55 

3.47 

-.2b 

238.46 

7.98 

-.42 

642. 

671. 

8.000 

.224 

.148 

.86 

245.48 

3.65 

-.37 

232.75 

7.44 

-.53 

654. 

869. 

9.000 

.110 

.070 

1.04 

238 . 00 

3.64 

-.24 

226.55 

6.46 

-.54 

615. 

861. 

10.000 

.046 

.028 

1.12 

230.54 

3.47 

-.09 

219.38 

5.29 

-.30 

464. 

857. 

11.000 

.020 

.010 

.80 

223.80 

3.11 

.09 

213.21 

4.18 

-.36 

420. 

655. 

12.000 

•  C09 

.004 

.47 

218.37 

3.26 

.22 

207.76 

3.48 

-.55 

418. 

654. 

13.000 

.005 

.002 

.50 

214.55 

3.20 

.04 

203.72 

3.51 

-.72 

278. 

852. 

14.000 

.003 

.002 

.85 

211.27 

2.90 

-.07 

200.04 

3.54 

-.60 

106. 

848. 

IS. 000 

99.999 

99.999 

999.99 

207.75 

2.75 

.29 

999.99 

99.99 

999.99 

3. 

846. 

16.000 

99.999 

99.939 

999.99 

204.94 

2.79 

.22 

999.99 

99.99 

999.99 

0. 

8*1. 

17.000 

99.999 

99.999 

999.99 

203.18 

3.03 

.15 

999.99 

99.99 

999.99 

0. 

624. 

18.000 

99.999 

99.999 

999.99 

203.09 

3.52 

.OB 

999.99 

99.99 

999.99 

0. 

614. 

19.000 

99.999 

99.999 

999.99 

205.49 

3.45 

.02 

999.99 

99.99 

999.99 

0. 

805. 

20.000 

99.999 

99.999 

999.99 

208.68 

3.11 

.01 

999.99 

99.99 

999.99 

0. 

795. 

21.000 

99.999 

99.999 

999.99 

211.86 

2.94 

-.03 

999.99 

99.99 

999.99 

0. 

759. 

22 . 000 

99.999 

99.999 

999.99 

214.75 

2.89 

-.06 

999.99 

99.99 

999.99 

0. 

755. 

23. COO 

99.999 

99.999 

999.99 

216.81 

2.74 

-.15 

999.99 

99.99 

999.99 

0. 

741. 

24.000 

99  999 

99.999 

999.99 

218.75 

2.86 

-.06 

999.99 

99.99 

999.99 

0. 

736. 

25.000 

99.999 

99.999 

999.99 

220.54 

3.02 

-.09 

999.99 

99.99 

999.99 

0. 

733. 

26.000 

99.999 

99.999 

999.99 

222.41 

3. 10 

-.08 

999.99 

99.99 

999.99 

0. 

718. 

27.000 

99.999 

99.999 

999.99 

224.  * 

3.19 

-.03 

999.99 

99.99 

999.99 

0. 

649. 

28.000 

99.999 

99.999 

999.99 

226.41 

3.32 

-.06 

999.99 

99.99 

999.39 

0. 

630. 

29.000 

99.999 

99.999 

999.99 

228.94 

3.32 

-.13 

999.99 

99.99 

999.99 

0. 

510. 

30.000 

99.999 

99.999 

999.99 

230.77 

3.32 

-.40 

999.99 

99.99 

999.99 

0. 

500. 

87 


TABLE  III-4.  MOISTURE  RELATED  STATISTICAL  PARAMETERS 


APRIL 


STATION  •  797990  CAPE  CANAVERAL 


2 

VAPOR  P 

S.O.  VP 

SKEW  VP 

TV 

TV 

SKEW  TV 

0Ct*>T  T 

S.O.  OPT 

SKEW  OPT 

NOBS  T*P 

NOBS  TV 

MAN 

MAN 

S.O. 

MAN 

KM 

1C 

MB 

XC  K 

0C0  K 

DEC  K 

DEC  K 

.000 

16.537 

9.339 

-.<#1 

295.27 

9.99 

-.63 

289.00 

9.27 

-.97 

736. 

736. 

.003 

16.205 

9.569 

-.32 

293. 19 

9.92 

-.65 

288.68 

9.33 

-.88 

871. 

871. 

1.000 

1 1 .505 

3.860 

-.31 

287.66 

3.27 

-.52 

281.23 

6.05 

-1.31 

893. 

871. 

2.000 

5.997 

3.213 

.22 

281.67 

3.10 

-.95 

270.70 

8.73 

-.38 

736. 

87|. 

3.000 

3.265 

2.007 

.78 

279.70 

2.82 

-.29 

262.59 

8.39 

-.19 

670. 

869. 

9.000 

1.968 

1 .269 

1.02 

273.80 

2.68 

-.09 

256.21 

8.19 

-.20 

633. 

868. 

3.000 

1.276 

.639 

.90 

267.29 

2.69 

-.21 

250.93 

8.91 

-.33 

691. 

867. 

6.000 

.756 

.329 

1.08 

263.56 

2.65 

-.23 

299.91 

8.99 

-.39 

623. 

867. 

7.000 

.933 

.303 

1.08 

253.  BO 

2.73 

-.39 

239.08 

8.19 

-.30 

629. 

866. 

e.ooo 

.227 

.152 

1.07 

296.66 

3.00 

-.63 

232.92 

7.99 

-.63 

633. 

869. 

9.000 

.110 

.069 

1.07 

233.11 

3.03 

-.96 

226.59 

6.92 

-.69 

609. 

861 . 

10.000 

.096 

.026 

1.13 

231 .33 

2.96 

-.03 

219.55 

9.86 

-.29 

932. 

858. 

II.OGO 

.020 

.011 

1.13 

223.98 

2.67 

.01 

212.93 

9.32 

-.28 

373. 

853. 

12.000 

.008 

.009 

.93 

217.73 

2.62 

.22 

206.93 

3.53 

-.39 

375. 

853. 

13.000 

.005 

.002 

.70 

213.53 

3.02 

.09 

202  73 

3.36 

-.99 

290. 

897. 

is. ooo 

.003 

.002 

.59 

210.63 

3.03 

-.31 

t99.59 

3.81 

-.33 

1C9. 

8«9. 

15.000 

.002 

.002 

1  .29 

207.67 

2.68 

.03 

193.72 

5.18 

.92 

6. 

891. 

16.0G0 

99.973 

99.999 

999.99 

205.03 

2.39 

.29 

999.99 

99.99 

999.99 

0. 

838. 

17.000 

99.999 

99.999 

993.99 

203.99 

2.70 

.22 

799.99 

99.99 

999.99 

0. 

823. 

le.ooo 

99.939 

93.999 

999.99 

203.52 

3.09 

.29 

979.99 

99.99 

999.99 

0. 

817. 

19.000 

99.999 

99.999 

999.99 

206.23 

2.93 

.39 

999.99 

99.99 

999.99 

0. 

819. 

20.000 

99.999 

99.999 

999.99 

209.62 

2.67 

.21 

999.99 

99.99 

997.99 

0. 

805. 

21 .000 

99.999 

99.999 

999.99 

213.18 

2.98 

.12 

999.99 

99.99 

999.99 

0. 

770. 

22.000 

99.999 

99.999 

999.99 

215.92 

2.92 

-.03 

999.99 

99.99 

999.99 

0. 

766. 

23.000 

99.999 

99.999 

999.99 

238.20 

2.38 

-.11 

997.99 

99.99 

999.99 

0. 

733. 

29  .  000 

99.999 

99.999 

999.99 

220.99 

2.90 

-.08 

999.99 

99.99 

999.99 

0. 

752. 

25 . 000 

99.993 

99.999 

999.99 

222.55 

2.93 

-.10 

999.99 

99.99 

977.99 

0. 

730. 

26 . 000 

9*1.999 

99.939 

997.99 

P.N .  79 

2.53 

-.13 

997.99 

97.99 

979.99 

0. 

729. 

27.000 

99.999 

99.999 

999.99 

226.90 

2.70 

-.06 

999.99 

99.99 

977.99 

0. 

638. 

28.000 

99.999 

99.999 

937.77 

227.02 

2.69 

-.09 

999  99 

99.99 

979.39 

0. 

633. 

29.000 

9H.999 

99.999 

999.99 

231.05 

2.37 

-.00 

999.99 

99.99 

999.99 

0. 

39*. 

30.000 

99.999 

99.999 

993.99 

233.03 

2.99 

-.18 

999.99 

99.99 

999.99 

0. 

323. 
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TABLE  III-5.  MOISTURE  RELATED  STATISTICAL  PARAMETERS 

MAY 


STATION  •  7V79V0  CAPE  CANAVERAL 


z 

VAPOR  P 

S.O.  VP 

SKEW  VP 

TV 

TV 

SKEW  TV 

OEK»T  T 

S.O.  OPT 

SKEW  OPT 

NOBS  T«P 

NOBS  TV 

MEAN 

MCAN 

S.O. 

rCAN 

KM 

re 

MB 

CEO  K 

CEO  K 

DEP  X 

oeo  k 

.000 

55.569 

3.585 

-.V7 

598.73 

3.87 

-.38 

595.39 

3.71 

-.90 

767. 

767. 

.003 

35.SVB 

3.760 

-.50 

598.53 

3.95 

-.35 

593.13 

3.93 

-.99 

858. 

838. 

1 .000 

i3.7ve 

3.37V 

-.51 

595.38 

3.37 

-.39 

38V. 35 

v.30 

-1.39 

831. 

838. 

5.000 

8.C55 

3.018 

-.30 

586.  $♦ 

3.00 

-.35 

375.77 

6.69 

-1.33 

767. 

838. 

3.000 

v.vie 

3.1VV 

.30 

580.65 

1.96 

-.31 

567.15 

7.35 

-.56 

715. 

836. 

*•.000 

5.593 

I.V33 

•6v 

57V. 66 

5.05 

-.36 

560.05 

7.57 

-.38 

6VB. 

836. 

5.000 

1 .503 

•  9V0 

.95 

568.55 

3.1V 

-.31 

553.17 

7.77 

-.33 

603. 

833. 

6.000 

.881 

.595 

1.08 

563. 06 

5.35 

-.33 

5V6.87 

7.89 

-.33 

578. 

833. 

7.000 

.  V06 

.350 

.98 

555.35 

3.33 

-.56 

5V0.59 

7.51 

-.35 

588. 

830. 

8.000 

.371 

.171 

.85 

5VB.3C 

5.51 

-.60 

33v ree 

7.13 

-.59 

583. 

818. 

9.000 

.159 

.oeo 

.93 

5V0.70 

3.59 

-.v5 

557.97 

6.50 

-.63 

591. 

817. 

10.000 

.051 

.057 

.85 

335.85 

3.57 

-.35 

550.53 

V.79 

-.36 

V36. 

816. 

11.000 

.050 

.010 

.75 

355.16 

3.30 

-.08 

313.56 

v.  13 

-.59 

398. 

81V. 

15.000 

.008 

.003 

.53 

518.  IV 

3.5V 

•  SV 

306.79 

3.37 

-.81 

398. 

813. 

13.000 

.00V 

.003 

.58 

313.60 

3.65 

.v5 

503.09 

3.33 

-.73 

330. 

810. 

IV .  000 

.003 

.001 

.38 

509.61 

3.11 

.03 

199.61 

3.55 

-.88 

133. 

808. 

15.000 

.003 

.001 

-.VO 

307.67 

3.83 

.03 

196.65 

3.83 

•1 .3V 

10. 

806. 

16.000 

99.999 

99.999 

999.99 

505.98 

3.V8 

-.15 

999.8} 

99.99 

999.99 

0. 

805. 

17.000 

99.999 

99.999 

999.99 

305.15 

3.39 

.03 

999.99 

99.99 

999.99 

0. 

793. 

18.000 

99.999 

99.999 

999.99 

305.69 

3.50 

.11 

999.99 

99.99 

999.99 

0. 

786. 

19.0C0 

99.999 

99.999 

999.99 

508.60 

5.V3 

-.11 

999.99 

99.99 

999.99 

0. 

779. 

30.000 

99.999 

99.999 

999.99 

311.91 

3.50 

-.59 

999.99 

99.99 

999.99 

0. 

776. 

51.000 

99.999 

99.999 

999.99 

315.05 

1.95 

-.31 

999.99 

99.99 

999.99 

0. 

7V8. 

5? . 0C0 

99.999 

99.999 

999.99 

317.59 

I.* 

-.19 

999.99 

99.99 

999.99 

0. 

7V6. 

53.000 

99.999 

99.993 

999  99 

319. 81 

1.73 

-.33 

999.99 

99.99 

999.99 

0. 

738. 

5V. 000 

99.999 

99.999 

999.99 

331.90 

1.83 

-.56 

999.99 

99.99 

999.99 

0. 

738. 

55.000 

99.999 

99.999 

999.99 

333.88 

1 .81 

-.13 

999.99 

99.99 

999.99 

0. 

736. 

56.000 

99.999 

99.999 

999.99 

535.8! 

1.77 

.03 

999.99 

99.99 

999.99 

0. 

695. 

57.000 

99.999 

99.999 

999.99 

537.63 

1.86 

.17 

999.99 

99.99 

999.99 

0. 

617. 

58.000 

99.99: 

99.999 

999.99 

339. V9 

1.80 

.08 

999.99 

99.99 

999.39 

0. 

605. 

59.000 

99.999 

99.999 

999.99 

531.56 

1.93 

.30 

999.99 

99.99 

999.99 

0. 

500. 

30 . 000 

99.999 

99.999 

999.99 

533.03 

1.8V 

.15 

999. 99 

99.99 

999.99 

0. 

V96. 
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TABLE  III-6.  MOISTURE  RELATED  STATISTICAL  PARAMETERS 


JUNE 


STATION  •  7M7»tO  CAPC  CANA  VC  HAL. 


z 

VAPCR  F 

S.O.  VP 

SKEW  VP 

TV 

TV 

SKEU  TV 

0C*»T  T 

S.O.  OFT 

SKCM  OFT 

NOBS  T«P 

NOBS  TV 

Kan 

KAN 

S.O. 

KAN 

. 

KM 

MB 

K 

OCG  K 

DEO  K 

OCO  K 

OCO  K 

.000 

66.608 

8.657 

-.50 

301.80 

3.07 

.31 

895.18 

1.71 

-.91 

75m. 

19*. 

.001 

86>I6 

8.717 

-.59 

331.11 

3.09 

.30 

895.06 

1.76 

-.BM 

770. 

771. 

1.000 

16.663 

8.679 

•  •  > 

899.75 

1 .59 

-.56 

807.60 

8.71 

-1.8M 

767 

771. 

8.  OCO 

10.691 

8.6mm 

-.00 

800.39 

1.V6 

-.37 

879.96 

M  .79 

-P.03 

755. 

771. 

3.000 

6.306 

6.060 

-.56 

868.39 

1  >5 

-.09 

878.67 

5.06 

-1.67 

7m0. 

769. 

m.oco 

3.986 

1.577 

-.87 

876  >1 

1.59 

-.05 

866.16 

6.61 

-1.83 

676. 

761. 

5.  OCO 

8.361 

1 .193 

.80 

870.63 

1.68 

.06 

850.90 

7.60 

-.76 

6m  8. 

756. 

6.000 

t>05 

.765 

.30 

66>*. 59 

1.71 

-.07 

858.63 

7.55 

-.66 

598. 

755. 

7.  COO 

.765 

>97 

.50 

650. 19 

1 .08 

-.06 

8M5.69 

7.33 

-.50 

50*. 

7m6. 

8  .  OCO 

>|| 

.635 

.68 

851.50 

8.05 

-.85 

639.38 

6.73 

-.57 

565. 

7m8. 

9.000 

.196 

.115 

.78 

8NM.85 

8.80 

-.15 

831.91 

6.68 

-.76 

56m. 

7MI. 

10.030 

.079 

.O'*  3 

.90 

836  >9 

8.35 

.03 

88M.18 

5.16 

->7 

MI2. 

739. 

11.000 

.031 

.016 

1.35 

880  >2 

8.80 

•  IM 

816.M0 

H.8I 

-.89 

378. 

736. 

is.ooo 

.018 

.005 

.97 

880.07 

8.15 

.31 

209.31 

3  >7 

->0 

369. 

735. 

13.000 

.005 

.038 

.50 

213.&< 

6.00 

.36 

606.68 

3.37 

-.76 

631. 

738. 

iv. ooo 

.008 

.001 

.87 

800.19 

8.39 

.80 

196.96 

3.38 

-.57 

116. 

738. 

16.000 

.001 

.001 

1.56 

809.96 

6.60 

.88 

19m  >6 

3.13 

1.33 

7. 

785. 

16.000 

99.999 

99.999 

999.99 

803.07 

8.5m 

■  OM 

993.99 

99.99 

999.99 

0. 

78M . 

17.000 

99.999 

99.999 

999.99 

80<«.36 

8.5m 

-.13 

999.99 

99.99 

999.99 

0. 

710. 

16.000 

99.999 

99.999 

999.99 

806.37 

8.5m 

-.80 

999.99 

99.99 

099.99 

0. 

707. 

19.000 

99.999 

99.939 

999.99 

809.61 

8.13 

-.17 

999.99 

99.99 

999.99 

0. 

70S. 

ao.ooo 

99.999 

99.999 

999.99 

818.79 

1.08 

-.IM 

999.99 

99.99 

999.99 

0. 

699. 

61.000 

99.999 

99.999 

999.99 

815.69 

1.67 

-.OM 

999.99 

99.99 

999.99 

0. 

601. 

66.000 

99.999 

99.999 

993.93 

810. C5 

1 .5M 

-.11 

999.99 

99.99 

999.99 

0. 

67m. 

83.000 

99.939 

99.999 

991.99 

880.10 

I  >9 

-.03 

939.99 

99.99 

999.99 

0. 

666. 

8** .  000 

99.999 

99.939 

991  91 

888.16 

1.66 

.10 

993.99 

99.99 

999  99 

0. 

GG0. 

66.000 

99.999 

99.999 

999  99 

883.93 

1.57 

.18 

999.99 

99.99 

999  99 

0. 

657. 

6C.000 

99  999 

99.999 

9W  99 

885.61 

1.59 

.00 

999.99 

99.99 

999  99 

0. 

6  m2. 

87.000 

99  999 

99.999 

991.99 

887.38 

1.66 

8M 

993  99 

99.99 

999  99 

0. 

595. 

60.000 

99.999 

99.999 

993  S9 

889.03 

1.67 

-.13 

999.99 

99.99 

999  99 

0. 

571. 

69.030 

99  999 

99.999 

999.99 

230.68 

1.06 

-.11 

999.99 

99.99 

999.99 

0. 

W76. 

30.000 

99.999 

99.999 

999.99 

238.86 

1  .79 

-.51 

999.99 

99.99 

999.99 

0. 

M60. 
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TABLE  in-7.  MOISTURE  RELATED  STATISTICAL  PARAMETERS 

JULY 


z 

VAPCR  P 

S.O.  VP 

SKEW  VP 

TV 

TV 

SKCU  TV 

0C*»T  T 

S.O.  OPT 

SKCU  OPT 

NOBS  T«P 

NOBS  TV 

MAN 

1C  AN 

S.O. 

MAN 

KM 

MB 

ra 

OEG  K 

DCS  K 

DEO  K 

OCC  K 

.000 

27.789 

2.586 

-.25 

302.33 

3.33 

.22 

295.92 

1.51 

-.68 

789. 

789. 

.003 

27.768 

2. <*63 

-.25 

302.30 

3.35 

.21 

295.90 

I.SI 

-.68 

792. 

T9*. 

1.000 

17.705 

2.372 

-.56 

296.05 

1.21 

.19 

288.61 

2.22 

-1.15 

793. 

79*. 

2.000 

10.911 

2.259 

-.66 

289.36 

1.15 

.03 

281.07 

3.55 

-1.88 

791. 

79*. 

3.000 

6.630 

1.831 

-.51 

283.23 

1.15 

-.26 

273.69 

5.63 

-1.55 

787. 

793. 

5.000 

9.133 

i  .me 

-.20 

277.22 

1.26 

.02 

267.02 

5.57 

-1.28 

710. 

79*. 

5.000 

2.521 

1.127 

.17 

271 .52 

1.32 

.09 

260.19 

6.69 

-.93 

681. 

783. 

6.000 

1.519 

.730 

.35 

265.50 

1.52 

.08 

253.96 

6.72 

-.85 

618. 

782. 

7.000 

.699 

.**35 

.38 

259.21 

1.52 

.00 

257.16 

6.68 

-.87 

575. 

782. 

e.ooo 

.936 

.229 

.55 

252.63 

1.62 

-.17 

25b. 02 

6.79 

-1.00 

557. 

781. 

9.000 

.216 

.118 

.52 

255.55 

1.88 

-.08 

233.02 

6.53 

-.95 

555. 

781. 

to. 000 

.069 

.058 

.83 

237.65 

1 .93 

-.10 

225.13 

5.51 

-.83 

525. 

779. 

11.000 

.035 

.018 

.87 

229.55 

1.85 

-.18 

217.59 

5.52 

-.30 

365. 

777. 

12.000 

.013 

.006 

.75 

221  .55 

1.72 

-.11 

210.07 

3.66 

-.37 

385. 

772. 

13.000 

.005 

.002 

.75 

213.97 

1 .71 

.12 

203.33 

3.38 

-.37 

218. 

765. 

15.000 

.002 

.001 

1 .56 

208.05 

1.95 

.23 

197.62 

3.19 

-.39 

113. 

765. 

15.000 

99.999 

99.999 

999.99 

205.76 

2.15 

.17 

999.99 

99.93 

999.99 

e. 

757. 

I6.0U0 

99.999 

99.999 

999.99 

205.29 

2.20 

-.01 

999.99 

99.99 

999.99 

0. 

79*. 

17.000 

99.999 

99.999 

999.99 

205.51 

’.It 

-.32 

999.99 

99.99 

999.99 

0. 

755. 

16.000 

99.993 

99.999 

993.99 

207.63 

2.03 

-.59 

999.99 

99.99 

999.99 

0. 

755. 

19.000 

99.999 

99.999 

993.99 

210.55 

1.75 

-.33 

999.99 

99.99 

999.99 

0. 

752. 

20.000 

99.999 

99.999 

999.99 

213.95 

1.63 

-.39 

999.99 

99.99 

999.99 

0. 

79*. 

21.000 

99.999 

99.999 

999.99 

216.03 

1.63 

-.23 

999.99 

99.99 

999.99 

0. 

705. 

22.000 

99.999 

99.999 

999.99 

218.18 

1  '-6 

-.23 

999.99 

99.99 

999.99 

0. 

689. 

23.CC0 

99  999 

99.999 

999.99 

220.15 

1.51 

-.32 

999.39 

99.99 

999.99 

0. 

676. 

29. COO 

99.999 

99.999 

999.99 

222.03 

1.68 

-.03 

999.99 

99.99 

999.99 

0. 

673. 

25.000 

99.999 

99.999 

999.99 

223.83 

1.66 

-.11 

999.99 

99.99 

999.99 

0. 

676. 

26.000 

99  999 

99.999 

999.99 

225.52 

1.69 

-.06 

999.99 

99.99 

999.99 

0. 

652. 

27.000 

99.999 

99.999 

999.99 

227.15 

1.87 

-.07 

999.99 

99.99 

999.99 

0. 

613. 

28. COO 

99.999 

99.599 

999.99 

228.56 

1.66 

-.32 

999.99 

99.99 

999.99 

0. 

585. 

29.000 

99.999 

99.999 

999.99 

230.19 

2.08 

-.06 

999.99 

99.99 

999.99 

1. 

576. 

30.000 

99.999 

99.999 

9»1  99 

231.71 

1.86 

-.17 

999.99 

99.99 

999.99 

1. 

556. 

TABLE  III-8.  'OISTURE  RELATED  STATISTICAL  PARAMETERS 


AUGUST 


STATION 

•  7*79*0 

If 

< 

o 

CANAVtPAL 

z 

VAPtfl  P 

S.O.  VP 

SKEW  VP 

TV 

tv 

SKEW  TV 

OC-PT  T 

S.O.  OPT 

SKEW  OPT 

NOBS  T«P 

NOBS  TV 

ft"  AN 

TCAN 

S.O. 

1C  AH 

. 

(CM 

MM 

DCC  K 

DCC  K 

DCG  K 

OCG  K 

.000 

S7.716 

3. *85 

3S 

301.97 

3.36 

.36 

395.67 

1.51 

-.56 

769. 

769. 

.003 

37. 70S 

3.  *76 

-.33 

301.95 

3.36 

.35 

395.07 

I.SI 

-.56 

77S. 

775. 

1.000 

IB.S99 

S.SS5 

-.33 

S96.I3 

1 .07 

-.39 

389.15 

1.98 

-.77 

767. 

775. 

?.000 

1 1 .5*5 

S.OSS 

-.61 

S69.59 

l.fr. 

-.31 

363.01 

3.89 

-1.51 

769. 

775. 

3.000 

7.130 

1.713 

-.51 

383.56 

1.13 

-.13 

37S .87 

3.89 

-l.SO 

760. 

773. 

*.000 

<*.'•73 

I.S36 

-.*3 

377.56 

1  .33 

.10 

368.10 

5.3* 

-1.51 

713. 

763. 

5.000 

S.7SS 

1 .096 

.06 

S7I .7* 

1.33 

.15 

361. S5 

5.99 

-.99 

671. 

756. 

6.000 

i  .see 

.7*6 

.SO 

365.75 

1.36 

•  OH 

35S.39 

6.87 

-.93 

616. 

756. 

7.000 

.666 

■  >•39 

.36 

359. *5 

1.37 

.11 

3S7.S3 

6.77 

-.83 

600. 

755. 

e.ooo 

.>•55 

.3*3 

.  3* 

353.86 

•  1.56 

*  1  .85 

.03 

3*0.* 

7.03 

-.96 

565. 

753. 

9.000 

•  SIS 

.115 

.58 

P*5.P« 

.33 

333.06 

6.36 

-1  .OS 

5*8. 

751. 

to. coo 

.007 

.0*9 

1.36 

337.97 

1 .91 

.*7 

33*  9* 

5. S3 

-.77 

SI9. 

750. 

It . 000 

.03* 

.017 

t.*0 

339.63 

t.fr. 

.39 

317.53 

S.08 

-.31 

376. 

7S7. 

IS. 000 

.013 

.006 

1.55 

331 .69 

1.73 

.33 

310.16 

3.33 

-.07 

383. 

7S6. 

13.000 

.003 

.003 

1.57 

31*. *0 

1.70 

.33 

303.35 

3.35 

-.03 

315. 

7S0. 

IS.000 

•  COS 

.001 

1 . 1 0 

308.38 

1 .90 

.57 

197.10 

3.16 

-.36 

106. 

736. 

15.000 

99.999 

99.999 

999.99 

SO1* .  65 

3.35 

.33 

999.99 

99.99 

999.99 

1. 

739. 

16. COO 

99.999 

99.999 

999.99 

303.83 

3.15 

•  Os 

999.9*3 

99.99 

999.99 

0. 

736. 

17.000 

99  999 

99.999 

999.99 

30*. 90 

1.96 

.Os 

999.99 

99.99 

999.99 

0. 

730. 

■e.ooo 

99.999 

99.999 

999.99 

307.37 

i.ee 

-.11 

999.99 

99.99 

999.99 

0. 

719. 

19.000 

99.999 

99-999 

999.99 

310.18 

1.65 

-.03 

999.99 

99.99 

999.99 

0. 

711. 

SO. 000 

99.999 

99.999 

999  99 

313.06 

1.60 

-.17 

999.99 

99.99 

999.99 

0. 

6fr*. 

SI.OCO 

99.999 

99.999 

999.99 

315.55 

1 .61 

-.09 

999.99 

99.99 

999.99 

0. 

675. 

SS.000 

99.999 

99.999 

999  99 

317.70 

l.*l 

-.13 

999.99 

99.99 

999.99 

0. 

659. 

S3. 000 

99  999 

99  999 

999  99 

319.63 

1  .<*1 

-.39 

999.9*1 

99.99 

999.99 

0. 

6S6. 

3S.CC0 

91.999 

99.999 

999  99 

331  .*0 

1.57 

-.15 

999.99 

99.99 

999.99 

0. 

6*5. 

SS.000 

99  999 

93.999 

973.99 

333. 16 

1.57 

-.17 

999.99 

99.99 

999.99 

0. 

653. 

36. -  1 

99.999 

99.399 

999.99 

33s.fr. 

1.63 

-.36 

999.99 

99.99 

999.99 

0. 

639. 

S7.uj0 

99.999 

99.999 

999  99 

336  *6 

1.93 

.Os 

999.99 

99.99 

999.99 

0. 

576. 

se.ooo 

99  999 

99.999 

993  99 

337.96 

1 .60 

.13 

999.9*1 

99.99 

999.99 

0. 

5*5. 

35.000 

99  999 

99.999 

999  99 

339.36 

3.03 

.33 

999. 99 

99.99 

999.99 

0. 

s*3. 

30.000 

99  999 

99.999 

999.99 

331.01 

1.76 

.30 

999.90 

99.99 

999.99 

0. 

*38. 

i 


i 
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TABLE  III-9.  MOISTURE  RELATED  STATISTICAL  PARAMETERS 


SEPTEMBER 


STATION  •  7V79V0 


z 

VAPCP  P 
MEAN 

KM 

MS 

.000 

27.083 

.003 

27.025 

1 .000 

te.oiv 

2.000 

11.37V 

3.000 

6.907 

V.000 

v.270 

5.000 

2.50v 

6.000 

1.V96 

7.000 

.037 

8.000 

.  W6 

9.  COO 

.216 

10.000 

.C9-* 

11.000 

.039 

12. COO 

.015 

13.000 

.006 

IV. 000 

.002 

15.000 

99.999 

16.000 

99.999 

17.000 

99.999 

18.000 

99.999 

19. COO 

99.999 

29.000 

99.999 

21.000 

99.999 

22. 0C0 

99.999 

23. COO 

99.999 

2V.C30 

99.999 

25  0C0 

99.999 

26.000 

99.999 

27. COO 

99.999 

20. COO 

>79.949 

29.000 

99.999 

30.000 

99.999 

CAPt  CANA'.'V/L 
S.O.  VP  SKEW  vP 


MB 

2.733 

-.61 

2.7VV 

-.50 

2.580 

-.75 

2.511 

-.82 

2.188 

-.v2 

1  69V 

-.07 

I.2V1 

.22 

.832 

.56 

.V91 

.68 

.272 

.89 

.138 

1.06 

.059 

1.3V 

.023 

1.7! 

.008 

1.89 

.003 

1.57 

.001 

1 .59 

99.999 

999.99 

99.999 

999.99 

99.999 

949.99 

99.999 

999.99 

99.999 

999  99 

99.999 

999.99 

99.999 

999.99 

99.999 

749.99 

99.999 

991  99 

99.999 

949.99 

99.999 

943.99 

99.999 

943.99 

99.999 

979.99 

99.999 

949  79 

99.999 

999.99 

99.999 

99999 

TV 

MEAN 
C£C  K 
301 .51 
301. V6 

295.20 
289.00 
28V  V2 

m.t£ 

zn.ee 

265.91 
259. 37 
252.66 
2V5.W 
237.60 
229.59 
221:73 
21V.  33 
200.00 
203.70 
202.30 

203.20 
206.28 
209.57 
212.65 

215.21 
217.27 
219  22 
221.01 
222.7V 
22V.39 
225.99 
227. VV 

228.92 
230. vv 


TV 

S»XW  TV 

0EU»T  T 

S.O.  OPT 

SKEW  CPT 

NOBS  T*P 

NOBS  TV 

S.O. 

TCAN 

DEC  X 

Cto  K 

CEO  K 

3.12 

-.08 

295. V7 

1.73 

-.99 

728. 

728. 

3.13 

-.07 

295. W 

1.7V 

-.96 

7V1 . 

7VI . 

1.31 

-.2V 

288.85 

2.VV 

-1.V2 

737. 

7V1. 

1.2V 

-.13 

281.62 

3.86 

-1.65 

728. 

TV). 

1.26 

.08 

27V. 05 

5. VO 

-l  .37 

706. 

737. 

1.35 

.12 

267.18 

6.21 

-.90 

655. 

7J*. 

1.39 

-.13 

260.30 

7.13 

-.78 

625. 

733. 

1 .50 

-.05 

253.38 

7.V3 

-.51 

572. 

732. 

l.JV 

-.16 

2v6.66 

7.V3 

-.53 

566. 

731. 

1.73 

-2v 

2S9.95 

7.11 

-.51 

550. 

729. 

1 .99 

-.22 

232  66 

7.0V 

-.6v 

525. 

7?v. 

2.03 

-.08 

225  30 

6.05 

-.65 

V20. 

723. 

1  99 

.21 

21632 

V.63 

-.10 

379. 

720. 

1  88 

■  3v 

21102 

3.82 

-.13 

382. 

720. 

1.85 

.V9 

20v. VO 

3.68 

-.V2 

260. 

718. 

1.88 

.29 

197.96 

3.23 

-.27 

127. 

717. 

1.99 

.21 

999  99 

99.99 

999.99 

3. 

712. 

2.38 

.05 

999  99 

99.99 

999.99 

0. 

710. 

2.63 

-.22 

999  99 

99.99 

999.99 

0. 

699. 

2.29 

-.13 

999.99 

99-99 

999.99 

0. 

700. 

1.79 

.01 

999  99 

99.99 

999.99 

0. 

693. 

1 .56 

-.13 

999  99 

99.99 

999.99 

0. 

686. 

1 .  V8 

-.Ov 

939  99 

99.99 

999.99 

0. 

66V. 

1  .v5 

-.13 

999  99 

99.99 

999.99 

0. 

659. 

1  ,V0 

-.10 

999  99 

99.99 

999  99 

0. 

6v2. 

1 .67 

.02 

999  99 

99.99 

999  99 

0. 

6vl . 

1  6V 

-.08 

999  99 

99.99 

999.99 

0. 

633. 

1 .61 

-.02 

999  99 

99.99 

999.99 

0. 

615. 

1 .82 

.31 

999  99 

99.99 

999.99 

0. 

568. 

1  .7V 

-.03 

999  99 

99  99 

999  99 

0. 

550. 

2.00 

.10 

999  99 

99.99 

999.99 

0. 

V75. 

1 .9* 

.03 

993  99 

99.99 

999  99 

0. 

V66. 
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TABLE  III-10.  MOISTURE  RELATED  STATISTICAL  PARAMETERS 

OCTOBER 


STATION 

-  7X79X0 

Z 

vapcr  p 

MEAN 

KM 

re 

.000 

CC.307 

.003 

CC.063 

1.000 

IX. 017 

c.oco 

a. 616 

3.000 

X  .933 

x.OCO 

3.011 

o.oco 

1.017 

6.000 

1 .076 

7.000 

.613 

e.ooo 

.  3C7 

9.000 

.167 

10. coo 

.071 

11.000 

.0C9 

1C. 000 

.OIC 

13  000 

.035 

1X.0C0 

.OOC 

IS. 000 

.001 

16.000 

99  909 

17.000 

99.090 

10.  coo 

9*1. 993 

10.000 

90.599 

coooo 

99  939 

Cl .000 

99.993 

ccnoo 

99.993 

C3.000 

99.999 

ex. 000 

99  999 

C5  030 

90  999 

C6.000 

90.909 

C7.000 

99  999 

ce  oco 

90  939 

C9.000 

99  930 

30  000 

09.999 

CA Pt  CANAVERAL 


S.O.  VP 

SKEW  VP 

T® 

X.7C9 

*.x7 

x  .007 

-.93 

3.956 

- .  7X 

S.G55 

-.30 

C.CS6 

■  ?5 

1 .851 

.5? 

1  C83 

.  .8? 

.80? 

.95 

.X5I 

.95 

■  C36 

1.91 

.115 

i.oo 

.0x6 

I.X7 

.017 

1  .x5 

.006 

1  ?l 

.00? 

.  7X 

.001 

1.09 

.001 

1.66 

99.999 

999.99 

93.900 

935  99 

99  999 

999  99 

99.909 

909  99 

99.909 

939  99 

99  993 

909  99 

99.909 

9  39.99 

99  999 

999.99 

99.999 

909.99 

99  300 

909  99 

90. 930 

999  99 

99.099 

909.99 

95. 9-39 

90S  99 

99.999 

995  99 

99.999 

909.99 

TV 

TV 

MEAN 

S.O. 

DEO  K 

OCG  K 

C98.7I 

X.?l 

?99.X5 

x .  39 

?9?.C5 

?50 

C60.X7 

?.x? 

cat .60 

?.?1 

?76. 13 

?.  16 

COO. CO 

?.CX 

C63.67 

a. so 

CS6.93 

?. 7i 

C50.01 

3.00 

?x?.68 

3.15 

?35. 17 

3.1? 

??7 . 59 

a.7x 

CC058 

?.?3 

C1X.I5 

a. 03 

C0B.5N 

a. 19 

?0x.?5 

a. 5s 

?0? . 06 

C-68 

CCC.  37 

?. 83 

?Cx .  97 

a.7x 

COS. 63 

a.» 

at i .at 

ao? 

?lx.?0 

1  88 

CI6.X0 

1.85 

CI8.XI 

1 .6* 

??0.3X 

1.9- 

?C? .  1 1 

1.98 

CCJ-81 

1.9 7 

CC5.39 

?•  19 

CC6.0* 

a.?9 

?C8 .  ?? 

a  x3 

CC9 . 70 

a.x? 

SKEW  tv 

OEWPT  T 
ft  AN 
OEO  K 

-.76 

aaa.cs 

-.76 

asi.tM 

-.66 

C85.35 

-.65 

a76>| 

-.at 

C68.ll 

-.ia 

C61.38 

-.?6 

?tx.75 

*.a5 

CXQ.60 

-.ai 

?x?>8 

-.ia 

C36.I? 

.03 

CC9.97 

•  IX 

CC3.03 

.?? 

?15.85 

-.ai 

COS. 33 

.oa 

C0J.C9 

.10 

197.ee 

.  3X 

19X.X0 

,?9 

909.  M 

.06 

999.99 

.31 

990.99 

,oa 

990.99 

.06 

999.99 

-.05 

999.99 

-.13 

999.99 

-C5 

999  99 

-.31 

909.93 

-.56 

990.' 

-.XX 

993 

-.?x 

999.99 

-.XX 

999  99 

-.19 

909.99 

-.19 

999.99 

S.O.  OPT 

SKEW  OPT 

OEO  K 

3.77 

-l.ll 

3.86 

-I.OX 

5.05 

-1.7? 

7.70 

-1.03 

e.xe 

-.X6 

0.6X 

-.as 

8.91 

-.03 

8.87 

-.Ox 

8. xx 

-.18 

8.09 

-.xs 

7.33 

-.61 

5. XI 

-.07 

X.5C 

-.01 

3.63 

-.ao 

3. x| 

-.X9 

3.66 

-.19 

x.  19 

-.29 

99.99 

999.99 

99.90 

999.99 

90.99 

999.99 

99.99 

999.99 

99.99 

999.99 

99.99 

999.99 

99.99 

999  99 

99.99 

999  99 

99.99 

999.99 

99.99 

999.99 

99.99 

999  99 

99.99 

999.99 

99.99 

999.99 

99.99 

999.99 

99.99 

999  99 

NOBS  T*P 

NOBS  TV 

Tax. 

7ax. 

775. 

775. 

768. 

775. 

7?x. 

775. 

658. 

775. 

592. 

77X . 

563. 

77X . 

562. 

773. 

559. 

772. 

579. 

772. 

560. 

766. 

x29. 

765. 

398. 

759. 

399. 

759. 

?7C. 

757. 

129. 

756. 

ia. 

7X9. 

0. 

7xx . 

0. 

730. 

0. 

lie. 

0. 

lit. 

0. 

7?3. 

0. 

696. 

0. 

69*. 

0. 

605. 

0. 

683. 

0. 

673. 

0. 

65?. 

0. 

601. 

0. 

5»*. 

0. 

51?. 

0. 

503. 
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TABLE  III-l  1 .  MOISTURE  RELATED  STATISTICAL  PARAMETERS 


i 


NOVEMBER 


STATION 

*  7479*40 

CAPE 

CANAVERAL 

Z 

VAPOR  P 

S.D.  VP 

SKEH  VP 

TV 

TV 

SKEH  TV 

OENPT  T 

S.D.  DPT 

SKEH  OPT 

NOBS  T«f» 

NOBS  TV 

MEAN 

MEAN 

S.O. 

ft  AN 

KM 

MB 

M8 

DEG  K 

DEG  K 

DEO  K 

OCG  K 

.000 

18.165 

5.027 

-.41 

294.29 

5.29 

-.70 

888.50 

5.02 

-1.18 

771. 

771. 

.003 

18.000 

4.949 

-.36 

294.17 

5.25 

-.70 

288.37 

4.95 

-1.17 

865. 

866. 

1.000 

12.352 

4.029 

-  .58 

289.15 

3.63 

-1.84 

282.21 

t.57 

-1.94 

041. 

ess. 

8.000 

6.765 

3.582 

.14 

284.54 

2.88 

-.59 

272.31 

8.99 

-.68 

772. 

866. 

3.000 

3.704 

2.315 

.69 

280.20 

8.73 

-.47 

264.01 

6.74 

-.16 

694. 

866. 

<4.000 

2.186 

1.482 

1 .05 

274.77 

2.71 

-.30 

257.36 

8.32 

.06 

657. 

866. 

5.000 

1.307 

.933 

1  .29 

268.66 

2.73 

-.35 

251.21 

B.C8 

.09 

640. 

865. 

6.000 

.792 

.570 

1.35 

262.12 

8.81 

-.33 

845.57 

7.97 

-.07 

636. 

864. 

7.000 

.458 

.323 

1.34 

255.32 

8.85 

-.37 

f39.ee 

7.51 

-.17 

650. 

863. 

8.003 

.256 

.183 

1.21 

248.19 

8.99 

-.38 

833.91 

7.56 

-.34 

640. 

860. 

9.000 

.125 

.098 

1  .25 

240.94 

3.07 

-.84 

887.38 

7.18 

-.57 

650. 

857. 

10.000 

.053 

.032 

1.61 

233.04 

3. 06 

-.13 

820.6* 

5.02 

-.15 

463. 

057. 

II. 000 

.021 

.01 1 

1.22 

225.49 

8.61 

-.38 

213.51 

4.10 

-.19 

440. 

851 . 

12.000 

.009 

.004 

1 . 16 

218.52 

8.40 

-.13 

207.25 

3.44 

-.85 

440. 

851. 

13.000 

.034 

.002 

1.32 

212.45 

2.41 

.14 

201.57 

3.69 

-.09 

888. 

045. 

l>4.000 

.002 

.001 

1.14 

207.73 

2.59 

.88 

196.48 

4.07 

-.84 

154. 

836. 

15.000 

.001 

.001 

1.12 

204.37 

2.61 

.07 

192.66 

3.71 

.16 

83. 

829. 

16.000 

99.999 

99.999 

999.99 

202.26 

2.54 

.36 

799.99 

99.99 

899.99 

0. 

823. 

17.000 

99.999 

99.999 

999.99 

2C1 .66 

2.78 

.61 

999.99 

99.99 

999.99 

0. 

804. 

10.000 

99.999 

99.999 

999.99 

203.09 

3.  19 

.31 

999.99 

99.99 

999.99 

0. 

801. 

19.000 

99.999 

99.999 

999.99 

206.48 

2.95 

-.08 

999  99 

99.99 

999.99 

0. 

795. 

20 . CCO 

99.999 

99.993 

999.99 

209.72 

2.56 

-.8J 

999.99 

99.99 

999.99 

0. 

786. 

21.000 

99.999 

99.999 

993.9.4 

212.48 

2.30 

-.18 

999.99 

99.99 

999.99 

0. 

752. 

22 . 000 

99.999 

99.999 

599.99 

214.93 

2.36 

.17 

999.99 

99.99 

999.99 

0. 

744 . 

23.000 

99.999 

99.999 

999.99 

217.08 

2.-2 

.10 

999.99 

99.99 

999.99 

0. 

732. 

84.000 

99.999 

99.999 

999.99 

219.11 

2.80 

.09 

999  99 

99.99 

999.99 

0. 

733. 

25.000 

99  999 

99.999 

999.59 

220.95 

2.96 

-.16 

999.99 

93.99 

999.99 

0. 

726. 

26 . 000 

99.999 

99.999 

993.99 

222.55 

3.  10 

-.84 

993.99 

99.99 

999.99 

0. 

716. 

27.000 

99  999 

99  999 

999  99 

224. 19 

3.26 

-.11 

993.99 

99.99 

999.99 

0. 

G6I . 

28.000 

99.999 

99.999 

999.99 

225.63 

3.37 

*.C8 

999.99 

99.99 

999.99 

0. 

649. 

29.000 

99.999 

99.999 

999  99 

227.10 

3.35 

.13 

993.99 

95.99 

999.99 

0. 

547. 

30.000 

99.999 

99.999 

999.99 

228.61 

3.45 

.16 

993.99 

99.99 

999.99 

0. 

540. 

« 


i 
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TABLE  III-l  2.  MOISTURE  RELATED  STATISTICAL  PARAMETERS 


DECEMBER 


STATION 

•  7479sO 

CAPE 

CAKA\tRAi. 

Z 

VAPOR  P 

S.O.  VP 

SKIM  VP 

TV 

TV 

fCAN 

TCAN 

S.O. 

KM 

re 

w 

OCC  K 

DCS  K 

.000 

13.011 

3.338 

-.13 

290.33 

6.33 

.003 

l**.69l 

3.332 

-.11 

290.08 

6.33 

1.000 

10.218 

4.48S 

-.23 

285.60 

s.we 

2.  coo 

3.017 

J.vlO 

.31 

282.60 

3.37 

3.000 

3.377 

2.165 

.74 

278.45 

3.03 

<•.000 

2.063 

1.387 

.98 

273.02 

2.92 

3.000 

1.237 

.919 

i.ie 

266.87 

2.96 

6.000 

.77<* 

.381 

1.33 

260.27 

2.98 

7.  COO 

.<*52 

.329 

1.28 

233.32 

3.07 

8.  COO 

■  ?*3 

.168 

1.16 

?i6. 

3.27 

9.000 

.119 

.076 

1 .09 

238.81 

3  23 

IO.OUO 

.030 

.031 

1.66 

231.17 

3. 08 

11.000 

.020 

.010 

1.03 

223.90 

2.71 

12.000 

.008 

,00<* 

.79 

217.36 

2.7S 

13. COO 

•  00>* 

.002 

•  6*« 

212.38 

3. 08 

l<*.000 

.003 

.002 

.56 

209.93 

3.16 

13.000 

.002 

.001 

.68 

2C6.C8 

2.7s 

16.000 

99. 909 

99.999 

999.99 

203.S6 

2.35 

17.000 

99.999 

99.999 

999.99 

202.03 

2.83 

10. COO 

99.999 

99.999 

999.99 

202.26 

3.36 

19.000 

99.999 

99.999 

999.99 

PCs .87 

3.S6 

20.000 

99.999 

99.999 

999.99 

208.11 

3.07 

21 . 000 

99.999 

99.999 

993  99 

211.12 

2.72 

??• cco 

99.999 

99.999 

9<i9  99 

213.72 

2.81 

23.000 

99.999 

99.999 

999.99 

215.93 

'2.91 

24.003 

99.999 

99.999 

993.99 

218.06 

3.31 

23.000 

99.999 

93.999 

9t”3.99 

220.10 

3. 9* 

26.  COO 

99.999 

99.999 

993.99 

222.02 

S  .28 

27.000 

99.999 

99.999 

999.99 

223.93 

S  .30 

20.000 

99.999 

99.999 

993.99 

223.66 

s  .36 

29.000 

99.999 

99.999 

999.99 

227.33 

S.  19 

30. 000 

99.999 

99.999 

999.99 

228.99 

s  .01 

SKEW  TV 

0Cl*T  T 

S.O.  OPT 

SKEW  OPT 

NOBS  T«P 

NOBS  TV 

TCAN 

• 

OCC  K 

OCO  K 

-.3S 

285. 13 

6.31 

-.91 

784. 

784. 

-.31 

20S  76 

6.30 

-.9* 

873. 

873. 

-,7S 

278.61 

8.60 

-1.27 

829. 

874. 

-.SO 

269.83 

9.38 

-.33 

764. 

874. 

-.29 

262  7| 

8.89 

-.22 

693. 

074. 

-.37 

236-60 

8.32 

-.13 

634. 

873. 

-.32 

230.33 

8.3s 

-.04 

643. 

873. 

-.16 

2S3  03 

8.43 

-.14 

650. 

873. 

-.ll« 

239  S6 

0.12 

-.34 

667. 

87?. 

-.30 

233.31 

7.34 

-.49 

694. 

869. 

-  26 

227.17 

6.67 

-.68 

633. 

866. 

-.13 

220 . 07 

3.03 

.01 

479. 

B6S. 

.03 

213.01 

3.96 

-.11 

422. 

860. 

.23 

206.9s 

3.33 

-.26 

422. 

860. 

.27 

201.81 

3>6 

-.33 

273. 

836. 

.21 

199  02 

H.04 

-.39 

96. 

834. 

.21 

197  95 

2.27 

-.36 

II. 

849. 

.si 

999  99 

99.99 

999.99 

0. 

844. 

.23 

999  99 

99.99 

999.99 

0. 

031. 

.08 

999  99 

99.99 

999.99 

0. 

828. 

-.03 

999  99 

99.99 

999.99 

0. 

811. 

-.03 

999.99 

99.99 

999.99 

0. 

80S. 

-.01 

999  99 

99.99 

999.99 

0. 

763. 

.10 

999  99 

99.99 

999.99 

0. 

731. 

.17 

999.99 

99.99 

999.99 

0. 

747. 

.33 

999  99 

99.99 

999.99 

0. 

733. 

.84 

999  99 

99.99 

999.99 

0. 

737. 

■  7B 

999  99 

99.99 

999.99 

0. 

720. 

.77 

999  99 

99.99 

999.99 

0. 

653. 

.63 

999.99 

99.99 

999.39 

0. 

630. 

.39 

999.99 

99.99 

999  99 

0. 

S>. 

.37 

999.99 

99.99 

999.99 

0. 

328. 
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TABLE  IU-’ 3.  MOISTURE  RELATED  STATISTICAL  PARAMETERS 

ANNUAL 


SUMON  -  747940  CAPE  CANAVERAL 


z 

VAPOR  P 

S.O.  VP 

SKEW  VP 

TV 

TV 

SKEW  TV 

CEWPT  T 

S.O.  DPT 

SKEW  OPT 

NOBS  T*P 

NOGS  TV 

MAN 

MAN 

S.O. 

MAN 

KK 

MG 

MS 

DCS  K 

DEG  K 

DEG  K 

DEO  K 

.000 

20.900 

6.745 

-.48 

296.28 

6.88 

-.79 

290.40 

6.27 

-1.30 

9023. 

9023. 

.003 

20.396 

6.841 

-.40 

295.87 

6.98 

-.73 

289.95 

6.44 

-1.20 

9855. 

9863. 

I.0C3 

13.466 

4.921 

-.54 

290.67 

5.20 

-.98 

263.19 

7.56 

-1.75 

9603. 

9863. 

2.000 

8.027 

3.844 

-.23 

265.42 

4. 04 

-.94 

274.03 

9.12 

-1.08 

9030. 

9865. 

3.000 

4.752 

2.631 

.16 

280.34 

3.45 

-.92 

267.35 

9.10 

-.65 

8446. 

9851. 

4.000 

2.902 

1.778 

.45 

274.61 

3.34 

-.85 

260.77 

9.06 

-.45 

7917. 

9813. 

5.000 

1.750 

1.184 

.76 

269. 5G 

3.46 

-.73 

254.35 

9.05 

-.31 

7623. 

9790. 

6.000 

1.030 

.731 

.95 

262.18 

3.63 

-.60 

248. 15 

>  8.83 

-.31 

7340. 

9780. 

7.000 

.577 

.412 

1  .04 

255.56 

3.78 

-.60 

241.91 

8.46 

-.41 

7355. 

9759. 

6.000 

.308 

.217 

1.11 

248.62 

4 .04 

-.52 

235.66 

7.89 

-.49 

7279. 

9729. 

9.000 

.150 

.105 

1.26 

241 .22 

4.16 

-.35 

228.98 

7.19 

-.52 

7029. 

9693. 

10.000 

.063 

.042 

1.69 

233.58 

4.04 

-.22 

221.75 

5.70 

-.16 

5249. 

9675. 

11.000 

.026 

.016 

1  .84 

226. 10 

3.54 

-.15 

214.78 

4.68 

-.09 

4699. 

9632. 

12.000 

.011 

.006 

1  .64 

219.31 

3.08 

-.18 

208.37 

3.81 

-.22 

4720. 

9620. 

13.000 

.005 

.002 

1.22 

213.70 

2.82 

.09 

203.00 

3.62 

-.38 

3027. 

9569. 

14.000 

.003 

.001 

.96 

209.33 

2.9* 

.30 

198.43 

3.75 

-.38 

1368. 

9534. 

15.000 

.002 

.001 

3.46 

205.9* 

2.95 

.28 

195.44 

3.59 

-.24 

103. 

9473. 

16.000 

99.999 

99.999 

999.99 

203.87 

2.78 

.20 

999.99 

99.99 

999.99 

0. 

9425. 

17.0C0 

99.999 

99.999 

999.99 

203.3* 

2.95 

-.01 

999.99 

99.99 

999.99 

0. 

9264. 

18.000 

99.999 

99.999 

999.99 

204.49 

3.49 

-.23 

999.99 

99.99 

999.99 

0. 

9218. 

19.000 

99.999 

99.999 

999.99 

207.36 

3.49 

-.47 

999.99 

99.99 

999.99 

0. 

9129. 

20.000 

99.999 

99.999 

999.99 

210.9* 

3.24 

-.53 

999.99 

99.99 

999.99 

0. 

9027. 

21.000 

99.999 

99.999 

999.99 

213.44 

2.99 

-.52 

999.99 

99.99 

999.99 

0. 

8651. 

22  CCO 

99.999 

99.999 

999.99 

215.92 

2.9* 

-.59 

999.99 

99.99 

999.99 

0. 

8551. 

23.000 

99.999 

99.999 

999.99 

217.99 

2.79 

-.59 

999.99 

99.99 

999.99 

0. 

8422. 

24.000 

99.999 

99.999 

999.99 

219.97 

2.93 

-.52 

999.99 

99.99 

999.99 

0. 

8419. 

25.000 

99.999 

99.999 

999. S9 

221.81 

3.05 

-.49 

999.99 

99.95 

999.99 

0. 

8333. 

26.000 

99.999 

99.999 

999.99 

223.58 

3.12 

-.45 

999.99 

99.99 

999.99 

0. 

8106. 

27 . 000 

99.999 

99.999 

999.99 

225.36 

3.24 

-.32 

939.99 

99.99 

999.99 

0. 

7399. 

28.000 

99.999 

99.999 

993  99 

227.07 

3.27 

-.42 

999.99 

99.99 

999.99 

0. 

7152. 

29.000 

99.999 

99.999 

999.99 

228.74 

3.29 

-.34 

939.99 

99.99 

999.99 

1. 

59?*. 

30.000 

99.999 

99.999 

999.99 

230.48 

3.29 

-.47 

999.99 

99.99 

999.99 

1. 

5818. 

TABLE  IV- 1 .  HYDROSTATIC  MODEL  ATMOSPHERE 


JANUARY 


STATION 

•  7*79*0 

CAPC 

CANAVERAL 

Z 

GEO.  HT. 

P 

D 

TV 

KM 

KM 

MB 

G/K3 

DEO  K 

.000 

.000 

1019.7000 

1228.C003 

2e9.*6 

.003 

.003 

1019.3000 

1228.0000 

289. 19 

I.0C0 

.998 

905.6300 

1 10*. 0003 

295.78 

2.000 

1.996 

803. 1000 

993.0003 

281 .7* 

3.000 

2.99* 

710.9300 

892.6003 

277. *6 

>♦.000 

3.932 

628.0000 

80*. 2000 

272.05 

5.000 

S  .989 

553.3100 

72*. 8000 

265.  & 

S.OCO 

5.985 

*66.0300 

652.6000 

259.** 

7.000 

6.982 

*25.5*00 

586.5000 

252.77 

8. COO 

7.978 

371.2200 

526. *000 

2*5.65 

9.  COO 

8.97* 

322.5100 

*71.9000 

238.10 

10.000 

9.963 

278.9330 

*21 .6000 

230.S8 

11.000 

10.965 

2*0.1300 

37*. 3000 

223. *7 

12.000 

11.960 

205.B3C0 

329.6000 

217.52 

13.000 

12.95* 

175.8100 

206.7000 

213.6* 

IS. 000 

13.9*8 

1*9.8100 

2*7.6000 

210.82 

15.000 

IS. 9*2 

127.3500 

21*. 0000 

207.31 

16.000 

15.936 

107.9800 

18*. 3000 

20*.  15 

17.000 

16.929 

91 .3750 

157.3000 

202.3* 

18.000 

17.922 

77.2670 

133.1000 

202.2* 

19.000 

18.915 

65 . 3980 

1 1 1 .*000 

20*. *6 

20 . 000 

19.907 

55. *7*0 

93.1200 

207.5* 

21 .000 

20.900 

*7.1720 

78. C 300 

210.60 

22.000 

21 .891 

*0.20*0 

65.6500 

213.36 

23.000 

22.883 

3* . 3290 

55.5100 

215. *5 

2*4 .000 

23.87* 

29.3580 

*7.0200 

217. *9 

25.000 

2*. 865 

25. 1*20 

39.9*00 

219.27 

26.000 

25.855 

21.5590 

3*. 0000 

220.91 

27.000 

26.8*6 

18.5090 

28.9500 

222.71 

28-000 

27.835 

15.9120 

2*. 6800 

22*. 57 

29.000 

28.825 

13.6960 

21 .0900 

226.25 

30.000 

29.81* 

11.8029 

18.0300 

229.00 

32.000 

31 .792 

8.7976 

13.0700 

231 .86 

3* .000 

33.768 

6.59*7 

9.60*0 

236.55 

36.000 

35.7*3 

*.9752 

7.07*0 

2*2.31 

38.000 

37.717 

3.7803 

5.2360 

2*8.72 

SO. 000 

39.690 

2.89*5 

3.8920 

256.21 

*2.000 

*1.661 

2.2338 

2.9200 

263. *9 

**.000 

*3.631 

1.73*7 

2.2230 

269.8* 

*6.000 

*5.600 

1.3519 

t .7200 

270.71 

*8.000 

*7.568 

1.05*2 

1 .3*50 

269.95 

50.000 

*9.53* 

.0205 

1 .0630 

265.96 

52.000 

51 .500 

.6365 

.833* 

263. 12 

5*. 000 

53. *6* 

.*928 

.650* 

261.01 

56.000 

55. *27 

.3808 

.5055 

259.5* 

58.000 

57.368 

.29*0 

.3922 

258.23 

60.030 

59.3*9 

.226* 

.3066 

25*. *0 

62.000 

61 .308 

.1738 

.2379 

251 .62 

6*. 000 

63.266 

.1326 

.1879 

2*3.06 

66.000 

65.222 

.  100* 

.1*58 

237.22 

68.000 

67,178 

.0753 

.11*3 

226.90 

70.000 

69.132 

.0559 

.0872 

220.60 

4 
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TABLE  IV-2.  HYDROSTATIC  MODEL  ATMOSPHEPE 


FEBRUARY 


STATION 

•  71*79*0 

CAPE 

CANAVERAL 

z 

CEO.  MT. 

P 

0 

TV 

KM 

KM 

MB 

G*M3 

DEG  K 

.000 

.000 

1018.0000 

1337. c::o 

389.30 

.003 

.003 

1017. 7CC0 

1337.0000 

388.96 

1.000 

.998 

90*. 0100 

no*,  coco 

385.30 

?.000 

1.996 

801. *800 

993.9000 

391.30 

3.000 

3.99* 

709.36C0 

e93.30C0 

376.61 

*.003 

3.993 

636 . 3000 

80*. BOCO 

371.10 

5.  COO 

i* .  909 

551 .5700 

73*. 8000 

365. 13 

6.000 

5.905 

*0* .  3TC0 

653.30C0 

359.70 

7.000 

6.99c 

*33.9000 

585.9000 

353.05 

8.000 

7.978 

369.6300 

535.6000 

3V*. 98 

9.000 

8.971* 

331.0300 

*70. *000 

337.75 

10.000 

9.969 

37"?.6*00 

*19. *000 

330.6* 

11.000 

10.965 

339.0000 

371.5000 

33*. 17 

13.000 

1 1 .960 

305.0800 

336.3030 

319.98 

13.000 

13.95“* 

175.3600 

38*. 1000 

315.07 

l*.000 

13.9*8 

1*9.5300 

3*6.6000 

311.39 

16.000 

I*. 9*3 

137.1300 

313.7000 

307.33 

16.000 

15.936 

1 07 . 7B00 

18*. 1000 

303.97 

17.000 

16.939 

91.3010 

157.0000 

303.31 

19.000 

17.933 

77.1360 

133.70C0 

303. *5 

19. COO 

18.915 

65.3970 

III.00C0 

30*.  9* 

30.000 

19.937 

55. *100 

93.7700 

308.08 

31.000 

30.900 

*7. 1370 

77.7000 

311.11 

33.000 

31 .891 

*0. 1870 

65.5100 

313.73 

33.000 

33.883 

3*. 3310 

55. *600 

315.56 

3* . 000 

33  87* 

39.3510 

*7.0*00 

317.30 

35.000 

3*. 865 

35. 1330 

39.9600 

318.97 

36 . 000 

35.855 

31.5*70 

3* . 0300 

330.67 

37.000 

36.81*6 

18. *960 

38.9600 

333. *7 

30.000 

37.835 

15.8970 

3*. 6930 

33*.  37 

39.000 

30.035 

13. CP JO 

31 .0700 

336.35 

30.0C0 

39.811* 

11.7916 

18.C000 

330.30 

33.000 

31 .793 

8.0397 

13.0600 

335.38 

3*.  003 

33.768 

6.6337 

9.C3C0 

3*0.30 

36.000 

35.7*J 

5.03*5 

7.1350 

3*5.6* 

38.000 

37.717 

3.83)6 

5.3050 

351 .93 

>*0 . 000 

39.690 

3.9*13 

3.9900 

357.78 

1*3.000 

i*l  .661 

3.3716 

3.0070 

363.51 

<*  i*.000 

1*3.631 

1 .7633 

3.3970 

367.75 

H6.000 

*5.600 

1 . J715 

1 .7870 

367.75 

1*8.000 

*7.5C8 

1.0655 

1.39*0 

365.78 

50 . 000 

*9.53* 

.8387 

i .ceeo 

365.70 

53.0C0 

51 .500 

.6*30 

.8551 

363.87 

5**  .000 

53. *6* 

.*983 

.6633 

363. *9 

56.000 

55. *37 

.  3857 

.5159 

363.78 

58.000 

57,380 

.3980 

.*018 

358.67 

60 . 000 

59.3*9 

.3397 

.3139 

356.0* 

63.000 

5>  .300 

.1765 

.3**0 

353.37 

6** .  000 

63.366 

.13*8 

.1936 

3**.  18 

66.000 

65.333 

.1033 

.1501 

337.36 

68.000 

67.178 

.0765 

.1185 

335.3* 

70.000 

69.133 

.0568 

.0893 

331 .57 

93 


TABLE  IV-3.  HYDROSTATIC  MODEL  ATMOSPHERE 


MARCH 


station 

•  7»*79>*0 

CAPE 

CANAVERAL 

2 

CEO.  MT. 

P 

D 

TV 

KH 

KM 

re 

C/M3 

DEO  K 

.000 

.000 

1017.7000 

1815. C000 

898.03 

.003 

.003 

1017. HOOO 

1215.0000 

891.78 

1.000 

.998 

90H.6I00 

1037.0000 

887.80 

8.000 

1 .936 

808.6800 

988 .6000 

868.68 

3.000 

8.99>* 

710.7700 

890.2000 

879.  IH 

>*.000 

3.998 

688.0000 

803.5000 

878.88 

5.000 

•*.969 

553.3300 

78H.9000 

865.91 

6.000 

5.965 

H86.0300 

653. ICOO 

859.86 

7.000 

6.338 

H85.H900 

586.9000 

858.55 

8.000 

7.978 

371.  moo 

586.7000 

8H5.H8 

9.000 

e.97>* 

322.HI00 

H71 .9000 

236.00 

'.0.000 

9.969 

876.8600 

H8I  .HOOO 

830. 5H 

11.000 

10.965 

8H 0.0900 

373. 7000 

883.80 

la.ooo 

11.960 

805.8700 

388. HOOO 

818.37 

13.000 

18.951* 

175.9700 

805.7000 

8IH.55 

IH.000 

I3.9>*B 

150.0800 

8H7.H000 

811.87 

15.000 

ih.9h2 

187.5700 

213.9000 

807.75 

16.000 

15.936 

108.8100 

I8H.0300 

80H.9* 

17.000 

16  989 

91.6310 

157.1000 

803.18 

18.000 

17.988 

77.5380 

133.0003 

803.09 

19.000 

18.915 

65.6770 

111. 3000 

205.  H9 

80.000 

19.907 

55.7500 

93. COCO 

800.(8 

81.000 

20.900 

H7.H50O 

78.0*CD 

211.86 

82.000 

81 .831 

H0.H030 

65. COCO 

8IH.76 

83.000 

88.683 

3H.6060 

55.6100 

216.81 

2>< .  000 

83.87H 

89.6830 

H7.1BC0 

818.75 

85.000 

8>*  .865 

85.3980 

HO. 1 100 

880. 5H 

86.000 

85.855 

81.79H0 

3H.1HC0 

888. HI 

87. COO 

86  8*6 

18.7310 

C9.C300 

88H.3* 

80.000 

87.835 

16.1810 

8H.BIC0 

886. HI 

89.000 

80.885 

13.89H0 

81  .8DC0 

880. 3H 

30.000 

85. em 

1I.998H 

18.1003 

830.77 

38  000 

31.798 

8.9759 

13. 1003 

835.67 

3»*.030 

33.768 

6.7687 

9.70HO 

8H1.19 

36.000 

35.7H3 

5. 1895 

7.1683 

8H6.98 

38.000 

37.717 

3.9139 

5.3880 

851 .69 

•*0.000 

39.690 

3.038** 

H.0H70 

856.70 

■*8.000 

HI .661 

8.3151 

3 . 0670 

861 .83 

HH .  000 

H3.63t 

1.7981 

8.3*53 

86H.H6 

>*6 . 000 

H5.600 

1.3909 

1 .6050 

866.89 

>1(3.000 

H7.568 

1.0809 

I.HOIO 

866.96 

50 . 000 

H9.53H 

.8H03 

1.0913 

866.58 

58.000 

51.500 

.6589 

.6507 

865.60 

5>*  ■  000 

53.H6H 

.5066 

.6651 

863.63 

56.000 

S5.H87 

.3986 

.5177 

868. *6 

50.000 

57.368 

.3038 

•  HC*5 

859.68 

60 . 000 

53.3H9 

.83H3 

.3105 

856.88 

68.000 

61.308 

.1801 

•  8H73 

851.99 

S>* .  000 

63.866 

.1377 

.1937 

8H5.93 

66.000 

65.888 

.  I0HH 

.1588 

837.31 

68.000 

67.178 

.0783 

.1193 

887. 19 

70 . 000 

69.138 

.0568 

.0907 

281.93 

94 


4 


TABLE  IV-4.  HYDROSTATIC  MODEL  ATMOSPHERE 


APRIL 


STATION 

•  7H79H0 

CAPC 

CANAVTRAL 

Z 

OCO.  MT. 

P 

0 

TV 

KM 

KM 

te 

G/M3 

OCG  K 

•  CCS 

.000 

1012.0000 

1201. c::o 

295.27 

.003 

.003 

1017. 70C0 

1201 .0C00 

295. !H 

I.  coo 

.999 

905.9500 

1090 .0030 

289.66 

2.000 

1.996 

BOh .5200 

96-.5CC0 

29H.57 

3.000 

2.99H 

712.9800 

888.0000 

279.70 

<♦.000 

3.992 

6  30.3800 

802.1000 

273.80 

s.oco 

H  .989 

555.8100 

72H.HC00 

267.29 

6.CC0 

S.VJS 

H8A.5330 

653.2000 

263  =-6 

7.0C0 

6.982 

H27.9CC0 

597. HO 00 

253 . 63 

A. COO 

7.978 

373.5-02 

52  7.6CD0 

2-6.66 

9.  COO 

6.97H 

32- .  72  CD 

H73.ICJ0 

239.1! 

10.000 

9.969 

281.0000 

H23.2CJ0 

231 .33 

II .000 

10.969 

2H2.0200 

376-hOOO 

283.98 

12.000 

11.960 

207.5000 

332.0C00 

217.73 

13.000 

I2.95H 

177.2500 

289. 1000 

213.55 

IH.000 

I3.9H8 

151.0200 

2H9.S000 

210.63 

15.000 

IH.9H2 

I28.39C0 

2I5.HDOO 

207.67 

16.000 

16.936 

toe. 9100 

185. OCCO 

2C5.05 

17. COO 

16.929 

92 .  <*♦  1 0 

157.9000 

203. H9 

18.000 

17.922 

78.0770 

I33.60C0 

203.52 

19.000 

17.913 

66. 1660 

III.BCOO 

2C6.23 

20.000 

19.907 

56.2150 

93.3H00 

209.82 

21 .000 

20.900 

-•*.8910 

78. 2C CO 

213. 18 

22.000 

21.891 

HO. 8950 

659000 

215.92 

23.000 

22.003 

3h . 9850 

55.BGOO 

218  20 

2..000 

23.87H 

29.9010 

H7.3000 

280. HH 

20. COO 

2H.865 

25.7320 

HO. 2000 

288.55 

26.000 

26.865 

22.1190 

3H.2900 

22H.7H 

27.000 

26.8H6 

I9.0H20 

29.2300 

886.93 

28.000 

27.835 

16.H160 

2H.9700 

289.02 

29.000 

20.826 

1H . 1720 

21.J7C3 

231.05 

30.000 

29.P1H 

12.2618 

19.3100 

233.05 

32.000 

31 .792 

9.1931 

13.HI00 

237. H9 

3V0C0 

33.708 

6.9365 

9.9370 

2H1 .83 

3G.CC0 

35.7HJ 

5.2619 

7.30-0 

2-6.56 

38.000 

37.717 

H .  01 32 

5.53.0 

251 . 32 

HO . 000 

39.690 

3.077H 

H.15O0 

25-6.  H8 

H2.0C0 

HI  .661 

2.3719 

3.1520 

860.66 

HH . 000 

H3.6J1 

1.8361 

2 . 3990 

265.12 

ho  000 

H5.600 

1.H269 

1.8h20 

268.39 

H8.000 

H7.568 

1.1113 

1 .H290 

269. H7 

SO  000 

H9.53H 

.8659 

1.1150 

268.9* 

58. COO 

51  .500 

•  67H0 

.87-2 

267.09 

5H.000 

53.H6H 

.5238 

.68-1 

865.88 

56.000 

55.H27 

.H063 

.5355 

262.89 

50.000 

57.388 

.  3Ihh 

•H195 

259.68 

63.000 

59.  JH9 

•  »*2H 

.  3289 

255.33 

CO. 000 

61 .308 

.1961 

.2565 

851  36 

6H.000 

63.266 

.  1h20 

•202H 

2H3.0S 

66.000 

65.222 

.1075 

.1571 

237. C6 

68.000 

67.179 

.0906 

.1229 

227.  ,j 

70.000 

69.132 

.0597 

.09-9 

218.11 

TABLE  IV-5.  HYDROSTATIC  MODEL  ATMOSPHERE 


MAY 


STATION 

•  797990 

cap: 

CANAVERAL 

2 

eco.  HT. 

p 

0 

TV 

KM 

KM 

MB 

0/M3 

OCG  K 

.000 

.000 

1016.6000 

1 186.0C00 

298.72 

.003 

.003 

1016.3000 

1186.0000 

298.53 

1.000 

.998 

905.8100 

1079.0000 

292.38 

2.000 

1 .996 

805. 1300 

979.5000 

286.  * 

3.000 

2.999 

713.9100 

886.3C00 

280.62 

>•.000 

3.992 

631.9600 

BOO .9000 

279.66 

5.000 

9.989 

557.0300 

722.6000 

268.55 

6.  COO 

5.985 

989.9300 

651 .3000 

262.06 

7.000 

6.98? 

929.5200 

586.0000 

255.35 

8.000 

7.978 

375.2300 

526.9000 

298.32 

9.000 

8.979 

326.9900 

972.5000 

290.70 

10.000 

9.969 

282.8000 

923.2000 

232.82 

11.000 

10.965 

293.7800 

377.2000 

225.16 

12.000 

1 1 .960 

209.1200 

339.0000 

218. 19 

13.000 

12.959 

178.6000 

292.7000 

212.60 

19.000 

13.998 

152.0600 

252.7000 

209.61 

IS. 000 

19.992 

129.2200 

216.9000 

207.67 

te.ooo 

15.936 

109.6600 

185. 5000 

205.98 

17.000 

16.929 

92 . 9720 

157.9000 

205. 15 

16.000 

17.922 

78.8180 

133.5000 

205.69 

19.000 

18.915 

66.9150 

111.7000 

208.60 

20.000 

19.907 

56.9500 

93.6200 

211.91 

21.000 

20.900 

98.5890 

78.7200 

215.02 

22.000 

21 .891 

91 .5990 

66.6100 

217.59 

23.000 

22.883 

35.5830 

56.3900 

219.81 

2**.  000 

23.879 

30.5250 

97.9200 

221.90 

25.000 

29.865 

26.2290 

90.B100 

223.88 

26.000 

25.855 

22.5600 

39.8000 

225.81 

27.000 

26.896 

19.9330 

29.7900 

227.62 

28.000 

27.835 

16.7600 

25.9900 

229.99 

29.000 

28.825 

19.9720 

21 .8000 

231 .26 

30.000 

29.ei9 

12.51 19 

18.7000 

233.03 

32.000 

31 .792 

9.3929 

13  6800 

238.31 

39.000 

33.768 

7.0909 

10.1700 

291 .92 

36.000 

35.793 

5.3793 

7.5790 

296.52 

38.000 

37.717 

9. 1098 

5.6980 

252.27 

90.000 

39.690 

3.1523 

9.2350 

258.33 

92.000 

91.661 

2.9393 

3-2160 

262.69 

99 .  ooo 

93.631 

1 .8076 

2  9590 

266.95 

96.000 

95.600 

1 .9635 

1 .8920 

269.32 

98.000 

97.568 

1.1951 

1 .9650 

271 .39 

50.000 

99.539 

.8991 

l .  1990 

271.28 

52.000 

51  .500 

.6972 

.8937 

268.97 

59 . 000 

53.969 

.5926 

.7072 

266.32 

56.0C0 

55  927 

.9213 

.5599 

263.78 

58.000 

57.388 

.3261 

.9369 

259. 35 

60 . 000 

59.399 

.2519 

.3913 

255.73 

G2.000 

61.303 

.1931 

.2605 

251 .51 

69 . 000 

63.266 

.  1975 

.2099 

299.96 

66.000 

65.222 

.1115 

.1653 

239.20 

68.000 

67.178 

.0839 

.1238 

229.51 

70.000 

69. 132 

.0616 

.0987 

216.56 

TABLE  IV-6.  HYDROSTATIC  MODEL  ATMOSPHERE 


JUNE 


STATION 

•  TiT9*Q 

CAPC 

CANAVERAL 

7 

CEO.  HT. 

P 

0 

TV 

KM 

KM 

MB 

G'M3 

OCG  K 

.000 

.000 

1016. 0000 

1175.0000 

301.70 

.003 

.003 

1015.7000 

1175.0000 

301.11 

1.000 

.998 

906. IcCO 

1071 .COCO 

79*.  75 

7.C0C 

1 .996 

806.1700 

973.8000 

788.39 

3.000 

7.99* 

715.3700 

887.5000 

787.39 

>•.000 

3.997 

633.7*00 

798.1000 

776. *1 

5.000 

*.989 

539.0900 

719. 7000 

770.63 

6  000 

3.986 

*97.7800 

6*8.7000 

76*. 59 

7.000 

6.987 

*37.1700 

583.1000 

758. 19 

8.  COO 

7.978 

378. 1630 

573.6000 

751 .50 

9.000 

e.9> 

379.0500 

*70 .7000 

7**. £5 

10.000 

9.969 

706. 1600 

*71 .5030 

736. *9 

11 .000 

10.905 

7*7.7700 

377 .0000 

778. *7 

17. COO 

1 1  .960 

717. *900 

335. 5000 

773.67 

13.000 

17. 95* 

181.7700 

796.3000 

713.6* 

l*.G00 

1 3.9*8 

15*. 6000 

758.9000 

7C8. 1* 

ts.oco 

1*  .9>*7 

131.7300 

773.1  COO 

70*. 36 

16.000 

13.936 

111.1500 

189.9000 

703.87 

17.000 

16  979 

. 1780 

160.5000 

70*. 36 

10. COO 

17.977 

79.7950 

1 3* .7003 

706.37 

19.000 

18.913 

67.7890 

1 17.7000 

7C9.6I 

70.000 

19.907 

37.7360 

9*. 5700 

717.79 

71 .000 

70.900 

*9.7880 

79.6100 

715.69 

77. COO 

71.891 

*7.1590 

67 . 3603 

?18. 35 

73. COC 

77.883 

36.1700 

57.1503 

770.18 

7*. COO 

73.87* 

30.9930 

*8.C-CC0 

777.16 

76.000 

7*. 865 

76  6790 

*  1 .*300 

773.93 

76.000 

75.855 

77.9070 

33.3700 

775  61 

77.000 

76. 8*6 

19.7780 

30.7330 

777.37 

78.000 

77.835 

17.0110 

75  B’OO 

779  03 

79.CU0 

78.875 

1*  60*0 

77.1803 

733.6? 

30.000 

79  8t* 

17.6895 

19.0333 

737.76 

37. COC 

31.797 

9.5109 

13.970.) 

736.** 

3*.  000 

33.760 

7.1678 

1C  .  *303 

7*0.90 

36.000 

33. 7*3 

5. *313 

7.6033 

7*5.53 

38.000 

37.717 

*.1381 

5.7353 

750. *8 

>•0.000 

39.690 

3.1713 

*.7993 

756.10 

*?. ooo 

*1.661 

7. **39 

3.7530 

763.80 

** .  000 

*3.631 

1 .8975 

7. *7*0 

765.5* 

>•6.000 

*5.600 

1 .*708 

1 .90*0 

768  08 

>•8.000 

*7.568 

1 .  1*51 

1 .*770 

769.77 

60.000 

*9.57* 

07 1 0 

1 . 1550 

767.9. 

57. COO 

51  .500 

.693* 

.9057 

765.93 

*;* .  COO 

57  *6* 

.3379 

.’I  16 

767. *0 

66. COO 

55. *77 

.*158 

.5597 

758.58 

68.000 

57.308 

.3707 

.*377 

75*. c 3 

60.000 

59.3*9 

.7*55 

.3*05 

750.77 

67.000 

61.308 

.  107* 

.7653 

7*5. *8 

6*. 000 

63.760 

.  1*71 

.7370 

738. *0 

66..  COO 

65.777 

.1069 

.1607 

731.01 

68.000 

67.179 

.0796 

.1?** 

777.08 

70 . 000 

69.137 

.0583 

.098* 

705.57 

TABLE  IV-7.  HYDROSTATIC  MODEL  ATMOSPHERE 


JULY 


■* 

r  "■ 

i* 

F 


► 


STATION 

•  7-79-0 

CAPC 

CANAVERAL 

z 

CEO.  HT. 

P 

0 

TV 

KM 

KM 

re 

G/M3 

DEC  K 

.000 

.000 

1017.6000 

1173.0000 

302.33 

.003 

.003 

1017.2000 

1172.0000 

302.30 

1.000 

.998 

907.9500 

1068.0000 

296.05 

2.000 

1  .996 

808.1100 

972.9000 

299.36 

3.000 

2.99- 

717.-100 

882.-303 

283.23 

-.000 

3.992 

635.2700 

798.3300 

277.22 

5.000 

**.999 

561.0830 

720.1000 

27 t .-2 

6.000 

5.995 

-9-.2V00 

6-8.5000 

265.50 

7.000 

6.962 

-3-. 1000 

583.-000 

259.21 

8.000 

7.978 

323.0-00 

52V. 1  COO 

252.63 

9.000 

8.97V 

331 .5200 

-70.5000 

?*5.— 

10.000 

9.969 

287.9700 

-22.1000 

237.6- 

11.000 

10.965 

2-8. 9000 

370.0330 

229.— 

12.000 

11.960 

21-. 1200 

335.8000 

221  .— 

13.000 

12.95- 

133.1800 

298.2000 

213.97 

i-.oco 

13. 9-8 

155.9*00 

261.1000 

2C8.0- 

15.000 

IV. 9-2 

132.2930 

225.1003 

20- . 76 

16.CC0 

15.9J6 

112.0500 

191 .1000 

2C-.29 

17.000 

16.929 

9-. 9*60 

161 .0000 

205. -1 

18.000 

17.922 

80.5630 

135.2000 

207.63 

19.000 

18.915 

68.-970 

113. -000 

210.— 

20.000 

19.907 

58.3700 

95.3100 

213.35 

21.000 

20.900 

-9.0*60 

00.3800 

216.03 

22.000 

21 .891 

-2.6-30 

60.0900 

218  18 

23.000 

22.883 

36.5370 

57.8200 

220.1- 

2-.  000 

23.87V 

31.3-80 

-9. 1800 

222.03 

25.000 

2V.865 

26.9320 

-1.9200 

223.83 

26.000 

25.655 

23. 1660 

35.7900 

225.52 

27.000 

26.8-6 

19.9500 

30.6000 

227.15 

28.000 

27.835 

17. 1990 

26.2000 

220.66 

29.000 

28.025 

I-. 0-20 

22. -LOO 

230.  19 

30 . 000 

29.81V 

12. 8221 

19.2800 

231.71 

32.000 

31.792 

9.6026 

IV. 1000 

235.70 

3-. 000 

33.768 

7.2296 

10.-300 

239.80 

36.000 

35.7V3 

5. -702 

7.7520 

2V-.22 

38.000 

37.717 

-.1626 

5.7750 

2V9.-0 

>•0.000 

39.690 

3. I860 

-.3380 

25-. 1- 

■•2.000 

VI .661 

2.-501 

3.2720 

259. 19 

>•>•.000 

-3.631 

1 .e936 

2.-900 

263.20 

■*6.000 

V5.600 

1 .-695 

1 .91 10 

265.96 

>•8.000 

-7.568 

1.1-11 

1 .-780 

267.  19 

50.300 

-9.53- 

.  0069 

1.1550 

265.78 

52.000 

51  .500 

.6880 

.93-0 

263.19 

5'«.3C0 

53.-6- 

.5326 

.7067 

260.05 

56.000 

55.-27 

.-1  12 

.5525 

257.59 

50.000 

57.3G8 

.3165 

.-303 

25-. 61 

60.000 

59.3-9 

.2-28 

.3356 

250.39 

62.000 

61  .308 

.  1952 

.2026 

2— .  I- 

6-.0C0 

63.266 

.  1-33 

.20-6 

237.29 

66.000 

65.222 

.  105- 

.1580 

230.09 

69.000 

67.178 

.0786 

.  1219 

223  06 

70.000 

69.132 

.0560 

.0926 

216.76 

9,9 


TABLE  IV-9.  HYDROSTATIC  MODEL  ATMOSPHERE 
SEPTEMBER 


STATION  •  747940  CAFE  CANAVERAL 

2  OEO.  HT.  P  0  TV 

KH  KM  MB  C/M3  OEO  K 

.000  .000  1015.1000  1173.0000  301.51 

| 003  .003  1014.8000  1173.0000  301.46 

I. 000  .999  9C5.4600  1069.0000  295.20 

5.000  1.996  805.7000  971.2000  889.00 

3.000  2.994  715.2400  679.2000  203.42 

4.000  3.992  633.4300  794.9000  277.62 

5.000  4.989  559.5700  717.0000  271.08 

6.000  5.985  493. 0000  646.1000  265.81 

7.000  6.982  “33.0600  581.6000  259.37 

8.000  7.978  379. tGOO  522.0000  252.66 

9.000  8.974  330.7400  469. “000  245.44 

10.000  9.959  287.3000  421.1000  237.68 

11.000  10.965  248.3900  376.9000  229.59 

12.000  11.960  213.6600  335.7000  221.73 

13.000  12.954  182.8300  297.2000  214.33 

14.000  13.948  155.6700  260.6000  208.08 

15.000  14.942  132.0000  225.7000  203.78 

16000  15.936  111.6800  192.3000  202.30 

17  000  16.929  94.4710  161.9000  203.28 

18  000  17.922  80.0480  135.2000  2CG.29 

19.000  18.915  68.0010  113.0000  209.57 

20.000  19.907  57.9120  94.8700  212.65 

21.000  20.900  49.4270  80.0100  216.21 


22.000  21.091  42.2590  67.7600  217.27 
23.000  22883  36.1830  57.5000  219.22 

24  000  23.874  31.0240  48.9000  221.01 

25  000  24.865  26.6340  41.6600  222.74 

26.000  25.855  22.8930  35.5400  224.39 

27.000  26.946  19.7000  30.3700  225.99 

28  000  27.835  16.9700  25-9900  227.44 

29. COO  28.825  14.6330  22.2700  228.92 

30.000  29.814  12.6313  19. 0900  230  44 

32.000  31.792  9.4481  13.9100  235.00 

34.000  33.768  7.1032  10.3100  238.26 

36.000  35.74J  5.3627  7.6710  241.02 

30.000  37.717  4.0684  5.7100  246.47 

40.000  39.690  3.1053  4.2530  252.56 

42.000  41.661  2.3851  3.2010  257. T7 

44.000  43.631  1.8*23  2.4180  263.52 

46.000  45.600  1.4292  1.8570  266.23 

48.000  47.568  l.llll  1.4350  267.81 

50.000  49.534  ,06“8  1.1150  268.25 

52.000  51.500  .6732  .8690  267.96 

54.000  53.464  .5233  -683“  264.86 

56.000  55.427  .4C59  .5339  262.9* 

58. COO  57.308  .3141  .4183  259.67 

60,000  59. 3“9  .2421  .3279  255. “6 

62.000  61.308  .1058  .2570  250.09 

64. COO  63.266  .1417  .2012  243.55 

66 .000  65.222  .1070  .1591  232.60 

68.000  67.178  .0798  .1239  222.83 

70.000  69.132  .0588  .0948  214.54 
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TABLE  IV-1 1.  HYDROSTATIC  MODEL  ATMOSPHERE 
NOVEMBER 


r 


STATION  •  747940  CAPE  CANAVERAL 


z 

GEO.  HT. 

P 

0 

TV 

KM 

KM 

MB 

0/M3 

OCO  K 

.000 

.000  1018.8000  1806.0000 

894.89 

.003 

.003  1017. 8000  1805. 0020 

894.17 

I.C00 

.998 

905.8000  1091. COOO 

899.15 

?.coo 

1.996 

804.8800 

934.7000 

884.54 

3.000 

8.99H 

718.8300 

886.8000 

890.80 

4.000 

3.998 

630.4500 

799.3300 

874.77 

5.000 

H  .989 

556.1700 

781 .8000 

868.66 

6.000 

5.985 

439. 1900 

650.8000 

868. 18 

7.000 

6.998 

488.8800 

006.8000 

855.38 

e.oco 

7.978 

374.6600 

585.9000 

848. 19 

9.000 

8.974 

385.9700 

471 .9000 

840.64 

10.000 

9.969 

888.3600 

488. 1000 

833.04 

11.000 

10. 965 

843.4500 

176.1000 

885.49 

18.000 

11.960 

808.8900 

333.0000 

818.58 

13.000 

18.954 

178.4800 

898.6030 

818.45 

14.000 

13.943 

151.7800 

854.5000 

807.73 

15.000 

14.948 

183.7800 

819.4000 

804.37 

16.000 

15.936 

108.9300 

187.6000 

808.86 

17.000 

16.989 

98.0730 

159.1000 

801.66 

te.ooo 

17.988 

77.8670 

133.6000 

803.09 

19.000 

18.915 

G5.9U30 

III. 3000 

806.40 

so. coo 

19.907 

56 . 0630 

93.1300 

809.78 

81.000 

80.900 

47.7470 

78 . 81)00 

818.48 

88.000 

81 .891 

40.7460 

66.0400 

814.93 

83.000 

88.883 

34.8380 

55.9000 

817.08 

84.000 

83.874 

83.8820 

47.4800 

819.11 

85.000 

84.865 

85.5710 

40.3830 

880  95 

86.000 

85.855 

81 .9580 

S4.y.Q0 

888.55 

87.000 

86.846 

18. 8670 

89.3800 

884.19 

88.000 

87.835 

16.8330 

85.0600 

885.63 

89.000 

88.885 

13.9810 

81 .4500 

887.10 

30.000 

89.814 

18.0543 

18.3700 

888.61 

38.000 

31 .798 

8.9978 

13-4300 

833.48 

V..OCO 

33.763 

6.7503 

99O0 

836.44 

36.000 

35.743 

5.0686 

7.3550 

841 . 10 

38.000 

37.717 

3.8587 

5.4683 

846.35 

HO. 000 

39.690 

8.9»50 

4.0640 

868.55 

H8.000 

41 .661 

8.8688 

3.0500 

858.51 

HH.OCO 

43.631 

1 .7497 

8.3100 

863.75 

H6 . 000 

45.600 

1.3573 

1 .7700 

867.15 

H8.000 

47.563 

1.0559 

1 .3710 

868.40 

50.000 

49.534 

.8819 

1 .0700 

867.78 

58.000 

51  .500 

.6309 

.8385 

865.58 

5H.OOO 

53.464 

.4956 

.6573 

868.71 

56.000 

55.487 

.3834 

.5136 

860.16 

58.000 

57.388 

.8960 

.4005 

857.54 

60.000 

59.349 

.8879 

.31 18 

855.89 

68.000 

61.308 

.  1750 

.84  30 

850.97 

6H.OCO 

63.866 

.1338 

.1887 

£47 . 00 

66.000 

65.888 

.  1016 

.  1477 

839.79 

68.000 

67.173 

.0766 

.1149 

838.85 

70.000 

69.138 

.0578 

.0887 

884.54 

'  • 
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TABLE  IV- 12.  HYDROSTATIC  MODEL  ATMOSPHERE 


I 


STATION 

■  7X79x0 

CAPt 

CANAVTRAL 

z 

GCO.  HT. 

P 

0 

TV 

ten 

ten 

MB 

Cr.3 

OCO  K 

.000 

.000 

1019. 6C00 

133X.CCC0 

390.35 

•  C93 

.003 

1019. 3000 

I33X.0CC0 

390. 08 

1.000 

.908 

9C5.03C3 

1101. COCO 

396.60 

3.000 

1 .936 

893.5500 

990.6CC0 

383.60 

3.000 

3.99. 

71 1 .6100 

890.3CC0 

378. x5 

x.003 

3.993 

638.8900 

803 . xOCO 

373. C3 

5.000 

x.989 

55*. .  3300 

735.6C00 

366.87 

6.0C0 

5.965 

>>87.1503 

653.0C00 

363.37 

7.000 

6.963 

>*36.6903 

586.3000 

353.53 

e.ooo 

7. 9'"6 

373 . 3700 

536.6C00 

3X6.9. 

9.000 

8.97X 

333.6x00 

X73.IQC0 

330.81 

10.000 

9.969 

383.0300 

X33.0030 

331.17 

It .000 

10.965 

3*0 . 1600 

375.3000 

333.90 

13.000 

11 .960 

306.7300 

331 . 3CC0 

317.36 

13. COO 

13.95*. 

176.  *<900 

389.5CC0 

313.38 

IX. 000 

1  3.9x8 

150.3100 

350.X000 

308.95 

15.000 

1*.  ,C**3 

137 . 5*>CD 

3I5.6COO 

3C6.08 

16.000 

15.936 

108.0530 

IB5.CC30 

303. X6 

n.ooo 

16.939 

91  .*.010 

157.6000 

303.03 

le.oso 

17.933 

77.3800 

133.1000 

303  36 

19.000 

18.915 

65 .  *.300 

1 1 1 .3000 

30x87 

30.000 

19.907 

56.5!*>0 

93.9300 

308.11 

31 .000 

30.9C0 

*.7.3360 

77.<jJ00 

311.13 

33.000 

31 .891 

*.0.3633 

65.6300 

313.73 

33.000 

33.683 

3X .3900 

55.XB50 

315.95 

3*. 000 

33.87*. 

39.  >.330 

X7.C0C0 

318.06 

35.003 

3x .865 

35.3100 

39.9000 

330.10 

36.000 

35.855 

31 .6310 

33.9.00 

333.03 

31.000 

36.8x6 

18.5660 

38.9IC3 

333.93 

38.000 

37  835 

15.9900 

3X.69C0 

336.66 

39.000 

38.835 

13.7730 

31.1100 

337.33 

30.000 

39  81*. 

11.8773 

18.0700 

333.99 

33.000 

31 . 7C3 

8.8673 

13. 1800 

333. XO 

*..000 

33.769 

6.6596 

9.7000 

338. 17 

36.000 

35.7x3 

5.0333 

7.1710 

3X3  xx 

30.000 

37.717 

3 . 81*67 

5.3310 

3X9  01 

<•0.000 

39.690 

3.988x 

3.9660 

35X.9* 

03.000 

*.1  .661 

3.35*53 

3.6010 

360.69 

oo . 000 

*.3,631 

1.7X76 

3.3690 

3f*? .  31 

06. 000 

*•5.600 

1 .5653 

1 .7500 

369.55 

00.000 

*.7,563 

1 . 0597 

1 .3660 

365  13 

53.000 

*•9.539 

.8356 

1 .Cb50 

369.8! 

T3.000 

51 .500 

.6X36 

.03x3 

367. 18 

50.000 

53.  *.6-* 

•  X993 

•  655X 

36«.  30 

56.000 

55.  *<37 

.3669 

.5131 

363.06 

56.000 

57.388 

.  3993 

.X006 

369.05 

60. COO 

59.3*<9 

■  330X 

.31X9 

353.79 

63.000 

61.308 

.1766 

.3x57 

3X9. 3X 

6o.  000 

63.366 

.  13xx 

.1939 

3X1 ,7X 

66. COO 

65  333 

.1016 

.1X97 

336 . x5 

66.000 

67.178 

.0759 

.  1 181 

333  .  OJ 

70.000 

69. 133 

.0560 

.0899 

316.06 
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TABLE  IV-13.  HYDROSTATIC  MODEL  ATMOSPHERE 


r 


K- 


I- 


ANNUAL 


STATION 

•  7S79S0 

CASE 

CANAVERAL 

2 

CEO.  MT. 

P 

0 

TV 

KM 

KM 

MB 

r  “3 

DCO  K 

.000 

.000 

1017. S000 

li  ••  ..:o 

296.29 

.003 

.003 

1017. 1CC0 

1 1  •!.’ .  ^  j'33 

895.87 

1.000 

.996 

905.7303 

1 '  r.o 

07 

2.000 

1 .9> 

80S. 62.5 

982.  U.jn 

.  s2 

3.  COO 

8.9‘>- 

713.2600 

886.SOOO 

.u:  3S 

s.OCO 

3.992 

630.8500 

830.3009 

87S.6I 

5.000 

S  .969 

5s6 . s900 

781 .9003 

868.56 

6.000 

5.965 

SB9.S700 

650.S000 

868.18 

•».ooo 

6.982 

S29. 1600 

585.0000 

855.56 

a.  ooo 

7.978 

37S.9600 

585.S000 

8S8.62 

9.000 

8.97s 

326.3300 

S7 1.3000 

8S1  .88 

10.000 

9.969 

282.7800 

SSI .7000 

233.58 

11.000 

10.966 

2S3.8900 

375.8000 

226. 10 

12.000 

11.960 

209.3700 

332.6000 

219.31 

13.000 

12.95s 

178.9600 

891 .7000 

813.70 

is.ooo 

13.9S8 

152  S100 

853.6000 

809.33 

15.000 

is. 9*2 

129.SSC0 

818.9000 

805. SM 

15.000 

15.936 

109.6600 

187.S000 

203.87 

17.000 

16.929 

92.8230 

159.0000 

803. Ss 

10.000 

17.922 

78.5960 

133. 9000 

20S.S9 

19.000 

18.915 

66.6620 

112.0000 

207.36 

20.000 

19.907 

50.6770 

93.7800 

810. 5S 

SI .000 

SO. 900 

SB.  3030 

78.0SOO 

813. ss 

SS.000 

81.891 

SI. 8510 

66.5600 

215.98 

S3. 000 

S2. 883 

35.2980 

56.3930 

817.99 

8S.0C0 

23.87s 

30.2380 

S7.BP00 

819.97 

25.000 

2S.8C5 

85.9370 

S0.7S00 

821 .8! 

26.000 

85.855 

88.2830 

3s .7200 

823  53 

S7.000 

26-8S6 

19.1630 

29.6200 

825  36 

28.000 

27.835 

16.5020 

25.3200 

827.07 

83.000 

29.825 

is. 8870 

81.6700 

228. 7S 

33.030 

29.81S 

18. 8903 

18.5600 

230. SB 

32.000 

31  ."’92 

9.1866 

13.5500 

235.  is 

V .  3C0 

33.763 

6.9117 

10.01C0 

219.35 

35.000 

35. 7s 3 

5.8297 

7.S280 

2sv8l 

39.030 

37.717 

3.9787 

5.5300 

>9ss 

SO. 000 

39.690 

3.0S68 

S.lsoo 

859.09 

S?. 000 

SI. 661 

2.  >*56 

3.1220 

263. S7 

ss.OOO 

S3. 631 

1.8157 

2.37S0 

265.16 

S6.000 

S5.600 

1.S105 

1.8290 

267.53 

se.ooo 

S7.568 

1 .0975 

1  S 180 

868. 3S 

50 . 000 

S9.53S 

•  P5sl 

1 . 1073 

867. ss 

52.000 

51  .500 

.6039 

.8662 

265.68 

5s . 000 

53. S61- 

.5151 

.6783 

263.25 

55.000 

55.S27 

.3988 

.5293 

260  90 

59.000 

57.388 

.  3C80 

■SIS! 

257.89 

63.000 

59.JS9 

■  2J71 

.  32 3S 

25s .20 

62 . 000 

61.308 

.1818 

■  852S 

2S9.7S 

6s . 030 

63.266 

.1386 

.1979 

?*2.7S 

55.000 

65.222 

.lose 

.  I5S2 

235. r.i 

69.000 

67.178 

.  078S 

•  120s 

22*  » 

70.000 

69.132 

.0581 

.0918 

2.9.33 

» 
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APPENDIX  A 


EXAMPLES  OF  WIND  STATISTICS  FOR  CAPE  CANAVERAL  FLORIDA 


Appendix  A  gives  some  examples  of  graphical  displays  of  wind  statistics  that  can  be  derived  from 
the  statistical  parameters  presented  in  Table  I.  These  illustrations  should  aid  the  user  of  the  RRA  in 
understanding  the  functional  relationships  of  the  probability  wind  models  and,  thus,  develop  an  appre¬ 
ciation  of  the  powerful  properties  of  the  bivariate  normal  probability  distribution  function. 

All  illustrations  for  this  Appendix  are  derived  from  the  five  wind  component  statistical  parameters 
from  Table  1.1  for  January  and  Table  1.6  for  July  for  eight  selected  altitudes.  These  selected  altitudes 
are  4,  12,  20,  30,  40,  50,  60,  and  70  km. 


1 .  Wind  Speed  (Figures  A-l  through  A-4) 

The  five  wind  components  from  Table  1  are  used  as  inputs  to  the  generalized  Rayleigh  probability 
density  function,  equation  (29),  and  then  integrated  as  indicated  by  equation  (30)  to  obtain  the  prob¬ 
ability  distribution  function  for  wind  speed.  The  derived  distribution  functions  for  wind  speed  are  shown 
in  Figures  A-l  through  A-4  on  the  normal  probability  scale. 


2.  Frequency  of  Wind  Direction  (Figures  A-5  through  A-20) 


The  derived  frequencies  for  wind  direction  shown  in  Figures  A-5  through  A-20  were  obtained 
using  the  five  wind  component  parameters  from  Tables  1.1  and  1.6  as  input  values  in  equation  (35). 

The  limits  of  integration  (performed  numerically)  are  over  the  22.5-degree  interval  for  each  of  the  16 
compass  points.  These  graphs  give  the  percentage  frequency  that  the  wind  will  blow  from  the  direction 
intervals. 


3.  Mean  Wind  Components  and  80th  Interpercentile  Range  of  Wind  Components  (Figures  A-21  through 
A-36) 


The  wind  component  means  with  respect  to  any  orthogonal  axes  are  obtained  by  using  the  zonal 
and  meridional  mean  wind  components  in  equations  (44)  and  (45).  These  component  means  form  the 
circle  shown  in  Figures  A-21  through  A-36.  Further,  the  zonal  and  meridional  wind  component  variances 
and  correlation  coefficients  are  used  in  equations  (46)  and  (47)  to  obtain  the  variances  with  respect  to 
any  orthogonal  axes.  These  rotated  component  variances  and  the  rotated  component  means  are  used  in 
equation  (8)  to  obtain  the  80th  interpercentile  range  of  wind  components  and  are  then  illustrated  in 
Figures  A-21  through  A-36. 


4.  Probability  Ellipses  (Figures  A-37  through  A-5 2) 

Using  the  five  wind  component  parameters  from  Tables  1.1  and  1.6  and  p  =  0.50,  p  =  0.95,  and 
p  =  0.99  as  input  values  to  equation  (13),  the  wind  probability  ellipses  shown  in  Figures  A-37  through 
A-52  were  obtained  by  computer  graphics.  The  statistical  inferences  are,  for  example,  that  50  percent 
of  the  wind  vectors  lie  within  the  smaller  ellipse  and  99  percent  of  the  wind  vectors  lie  within  the  outer 
ellipse.  These  probability  ellipses  are  illustrated  using  the  standard  meteorological  coordinate  system 
explained  in  Chapter  I.B.l. 
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5.  Conditional  Wind  Speed  Given  the  Wind  Direction  (Figures  A-S3  through  A-68) 

The  five  wind  component  parameters  from  Table  1.1  and  Table  1.6  are  used  to  evaluate  the  con¬ 
ditional  probability  distribution  function,  equation  (41).  Interpolations  of  the  conditional  function  are 
made  to  obtain  the  5th,  15th,  50th  (median),  85th,  95th,  and  99th  conditional  percentile  values  of  wind 
speed  given  the  wind  directions  are  as  shown  in  Figures  A-53  through  A-68.  The  conditional  mean 
wind  speed  given  the  wind  direction  is  obtained  from  equation  (40).  The  conditional  mode  (most  prob¬ 
able)  wind  speed  given  the  wind  direction  is  obtained  from  equation  (38).  The  conditional  mean  wind 
speed  and  the  conditional  wind  speed  modal  value  given  the  wind  direction  are  also  shown  in  these 
figures.  For  some  figures,  the  conditional  wind  speed  values  are  invalid  for  the  given  wind  direction  near 
270  degrees  (from  the  west).  This  is  caused  by  the  lack  of  computational  precision  in  evaluating  equa¬ 
tions  (40)  and  (41)  when  the  arguments  for  the  Gaussian  probability  distribution  have  large  negative 
values,  i.e.,  when  the  coefficients  (b/a)  become  less  than  -4  in  these  equations. 

This  appendix  contains  only  a  few  of  the  many  options  in  presenting  wind  statistics  illustrations. 
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Figure  A-l .  Rayleigh  PDF  of  wind  speed,  Cape  Canaveral,  January 
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APPENDIX  B 


RANGE  SPECIFIC  INFORMATION  AND  THERMODYNAMIC  QUANTITIES  FOR 

CAPE  CANAVERAL  FLORIDA 


1.  Range  Specific  Information 


To  prevent  further  character  size  reduction  for  Tables  I  through  IV  certain  range  specific  informa¬ 
tion  has  been  omitted.  This  important  information  is  given  in  Table  B-l. 


TABLE  B-l 


HEADER  PECORO  C-JC  km  _ _  HEADER  RECORD  32  -  70  KK 

TABLE  NUMBER- - . - - - — - ~ 0  TABLE  NUMBER - - — — ; -  0 

DATA  SOL'PCE  (I-DATSAV  ,2-WDC-AI— - - — —  tOATA  SClFcE  (  1  -  C  A  T  SA  V  ,  2  =  LCC- A  ) -••• ^ - -  2 

CALL  LETTERS - —  * - — XMR  CALL  LETTERS - - - - - -i - w- - -  XhR 

UNO  NUMBER - - - ^7A79aC,WM0  NUMEER - - — - — - — — . - - - --n  7A79A 

LATITUDE - - - - : - 26°26  LATITUDE - r— r---’— - r —  28®2e* 

DIRECTION  (N  OR  SI - - - - — - — - - - Ml— N  ..DIRECTION  IN  OR  SI - — - - ' 

LONGITUDE - * - - — -- — - ! - r - : — ’  60*33  LONGITUDE — - - - - — L-'.!  Etf  33* 

DIRECTION  (E  CF  WI-. - - — - - — - -  DIRECTION  IE  OF  W  I ' - - - : - , - ---- 

ELEVATION  IN  METERS - - - — *  — 3  ELEVATION  IN  METERS - - - - - — — — -  3 

START  PERIOD  OF  PECORO  I MQ-Y  P )  157  START  PERIOD  OF  RECORD  I  MO  -Y  P  »  — — —  157 

END  PERIOD  OF  RECORO  IMO-YR-I  — - 1279  END  PERIOD  CF  PECGPD  IMO-Yfi-I — - — -  1279 

NO.  OF  TIME  WINDOWS  <C,1  OR  21  - - - - - -  .  lNO.  OF  TIMC  WINDOWS  (D,l  OR  2) - -  -! - -  1 

START  TIKE  WINDOW  AIIHR-MNZI — - —  12S0  START  TIME  WINDOW  V1IHR-MN2) - r  — ’  V2DC 

END  TIME  WINDOWS  *  1- - -1— — -j :  1800  END  TIME  wlNDOWS  »  I- — - - - - -  i-800 

START  TIME  WINDOW  *2  — - - — —  —  —  0  START  TIME  WINDOW  »2 - - - -  0 

END  TIM£  WINOOW  12— —  —  —————  0  END  TIME  WINDOW  « 2 — —  — —  — —  0 

DATE  OF  RRA-  — - - — 7 r- --------  — .  SBOlDATE  OF  PR A-------=-r— r>- . - - — - -  BBO 

ALT1TU0E  RANGE  OF  PRA  LOW  LEVEL  (KM!—— 3  0  ALTITUCE  RANGE  OF  PRA  LCW  LEVEL  (KM ) — JC 

ALTITUDE  RANGE  OF  RR A  HIGH  LEVELIKMI -  30  ALTITUDE  RANGE  OF  PRA  HIGH  LEVELIKM)-! - -  7C 

STANDARD  DEVIATION  OF  ThERODYNAMIC  LIMITS76.D  STANCaRD  DEVIATION  OF  THERGDYNAMIC  LIMITS-t.U 
WIND  LIMITS - * - - - <_w - ■* . 0  WIND  LIMITS - - ...... - - - 6.0 


2.  Thermodynamic  Quantities 


This  section  presents  examples  of  further  computations  and  graphical  displays  of  pressure,  density, 
and  virtual  temperature  statistics  that  can  be  derived  from  the  data  given  in  Tables  II,  III,  and  IV.  No 
attempt  is  made  to  present  complete  nor  exhaustive  illustrations  that  can  be  made  to  aid  in  visualizing 
the  relationships  that  can  be  made  from  the  data  in  Tables  II  and  IV.  The  choices 
are  those  which  aided  the  committee  to  verify  the  reasonableness  of  the  tabulations. 


2.1  Monthly  Means  from  the  Annual  Mean 


The  hydrostatic  model  values  in  Table  IV  are  used  to  compute  the  monthly  mean  differences 
relative  to  the  annual  mean  values  of  pressure,  density,  and  virtual  temperature  expressed  in  percent  and 
the  monthly  mean  difference  in  virtual  temperature  for  the  annual  mean  virtual  temperature  expressed  in 
degrees  K.  Examples  of  these  four  statistics  are  given  in  Table  B-2  for  January  and  Table  B-3  for  July. 
Graphical  displays  of  the  four  statistics  contained  in  Tables  B-2  and  B-3  are  shown  in  Figures  B-l  through 
B-8.  Also  the  relative  differences  between  the  monthly  mean  values  from  Table  IV- 1  through  IV-12  for 
all  months  from  the  annual  mean  values  (Table  IV- 1 3)  are  illustrated  in  Figure  B-9  for  pressure,  in  Figure 
B-10  for  density,  and  in  Figure  B-l  1  for  virtual  temperature.  The  monthly  mean  virtual  temperature 
differences  from  the  annual  mean  virtual  temperature  for  all  months  is  given  in  Figure  B-l 2.  The  simple 
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sum  of  the  monthly  mean  differences  from  the  annual  mean  values  of  these  quantities  is  not  zero.  This 
is  because  the  annual  mean  statistical  parameters  are  computed  (see  Section  C  of  text)  by  weighting  the 
monthly  means  by  the  number  of  observations  in  each  month. 


2.2  Coefficients  of  Variation  and  Derived  Correlation  Coefficients 

The  coefficient  of  variation,  Cy,  is  defined  by  the  standard  deviation  with  respect  to  the  mean 
divided  by  the  mean.  The  coefficients  of  variation  for  pressure,  CyP,  and  density,  CyD,  were  com¬ 
puted  using  the  standard  deviations  from  Table  II  and  the  hydrostatic  mean  values  from  Table  IV.  The 
coefficient  of  variation  for  temperature  uses  the  standard  deviations  of  virtual  temperature  from  Table 
III  to  the  altitude  where  virtual  temperature  exists.  Above  this  altitude  the  stand¬ 
ard  deviations  of  temperature  are  from  Table  II.  The  mean  values  for  virtual  temper¬ 
ature  to  the  altitude  where  it  exists  and  temperatures  above  this  altitude  are  taken 
from  Table  IV.  No  distinction  is  made  in  the  table  headings  in  Table  B-4  (Jan)  and 
Table  B-5  (July)  and  all  related  figures  between  virtual  temperature  and  temperature. 


From  the  coefficients  of  variation  for  pressure,  and  temperature  (virtual  tem¬ 
perature  to  the  altitude  where  it  exists),  the  correlation  coefficients  between  these 
quantities  are  derived  using  Buell's  method  (see  reference  in  text).  The  equations 
for  these  derived  correlation  coefficients  are: 


r(P,T)  = 


(CyT)2  +  (CyP)2  -  (CyD)' 
2  ICyT^yP] 


r(P,D)  = 


(CyD)2  -  (CyT)2  +  (CyP)2 
2  [CyP  ■  CyP  1 


r(T,D)  = 


(CyP)2  -  (CyD)2  -  (CyT)2 
2 [CyT  •  CyD] 


The  correlation  coefficients  in  tables  B-4  and  B-5  are  derived  from  the  above  equations. 

A  test  for  the  validity  of  the  derived  correlation  coefficients  is  that  all  three  of  the  following 
inequalities  be  satisfied. 


CyP  -  [CyD  +  CyT]  <  0 


CyD  -  [CyT  +  CyP |  <  0 


CyT  -  [CyP  +  CyD]  <  0 
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In  these  examples  (Tables  B-4  and  R-5)  the  numerical  values  from  equation  (B-4)  are  all  negative,  hence, 
the  derived  correlation  test  is  considered  valid.  The  rare  exceptions  to  this  test  for  several  RRAs  occur 
at  the  extreme  highest  altitudes  where  sample  sizes  for  the  statistical  sample  are  small. 

The  statistical  parameters  from  Table  B-4  (January)  and  Table  B-5  (July)  are  illustrated  in  Figures 
B-14  through  B-16. 

For  all  months  the  C^V  values  are  shown  in  Figure  B-17,  the  C^D  values  are 
shown  in  Figure  B-18,  and  C^T  values  are  shown  in  Figure  B-19.  If  the  abscissa  on 
the  figures  for  the  coefficient  of  variation  is  multiplied  by  100,  these  figures 
would  show  the  percentage  of  the  random  dispersion  of  these  quantities  over  the 
month  with  respect  to  the  monthly  mean  for  these  thermodynamic  quantities. 

The  derived  correlation  coefficients  for  all  months  are  illustrated  in  the  following  figures: 

a)  Figure  B-20  gives  r(P,D). 

b)  Figure  B-2 1  gives  r(P,T). 


c)  Figure  B-22  gives  r(T,D). 
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STATION  797990  MONTH  I 
DELTAS  IN  PERCENT  RELATIVE  TO  AANUAL 


LEVEL 

PRESSURE 

DENSITY 

.000 

.23 

2.59 

.003 

.22 

2.50 

1.000 

-.Cl 

1.66 

2. 000 

-.19 

l.ll 

3.000 

-.33 

.70 

9.000 

-.95 

.99 

5.000 

-.57 

.90 

6.000 

-.70 

.39 

7.000 

-.89 

.26 

e.ooo 

-1.00 

.19 

9.000 

-1.17 

.13 

10.000 

-1.36 

-.02 

1 1 . 000 

-1.59 

-.90 

12.000 

-1. 69 

-.90 

13.000 

-1.76 

-1.71 

IV. 000 

-1.71 

-2.37 

15.000 

-1.60 

-2.29 

16.000 

-1.53 

-1.65 

17.000 

-1.56 

-1.07 

IQ  000 

-1.69 

-.60 

19.000 

-1.90 

-.59 

2C.CC0 

-2.12 

-.70 

21.000 

-2.39 

-1.03 

22.000 

-2.59 

-1.37 

23.000 

-2.72 

-1.56 

29.000 

-2.99 

- 1 .  BO 

25.000 

-3.07 

-1.96 

25.090 

-3.29 

-2.07 

27.000 

-3.91 

-2.26 

26.000 

-3.50 

-2.53 

29.000 

-3.73 

-2.68 

30.000 

-3.89 

-2.86 

32.000 

-9.23 

-3.59 

39.000 

-9.59 

-9.05 

36  000 

-9.F5 

-9.69 

39.000 

-9.99 

-5.32 

90.000 

-9.97 

-5.99 

92.000 

-9.77 

-6.97 

99.000 

-9.96 

-6.36 

96.000 

-9.15 

-5.91 

98.000 

-3.99 

-5.15 

50.000 

-3.93 

-3.97 

52.000 

-9.12 

-3.79 

59.000 

-■*.39 

-9.11 

56.000 

-9.51 

-9.60 

56. COO 

-9.56 

-5.29 

60.000 

-9.53 

-5. 19 

62.000 

-9.93 

-5.79 

69 . COO 

-9.31 

-5.05 

66.000 

-9. 20 

-5.95 

69.CC0 

-9.09 

-5.07 

70.000 

-3.89 

-5.09 

TEMP.  TMO-TAhNlOEO.K) 


-2.30 

-6.82 

-2.26 

-6.68 

-1 .68 

-9.89 

-1.29 

-3.68 

-1.03 

-2.08 

-.93 

-2.56 

-.98 

-2.62 

-1.05 

-2.79 

-1.09 

-2.79 

-1 . 19 

-2.97 

-1.29 

-3.12 

-1.33 

-3.10 

-1 . 16 

-2.63 

-.82 

-1.79 

-.03 

-.06 

.71 

1 .99 

.67 

1.37 

.19 

.29 

-.99 

-1.00 

-1 .  10 

-f  .25 

-1  .90 

-2.90 

-1.92 

-3.00 

-1.33 

-2.89 

-1.19 

-2.56 

-1.17 

-2.59 

-1.13 

-2.98 

-1.15 

-?.5»* 

-1 . 19 

-2.67 

-1 . 10 

-2.65 

-1 . 10 

-2.50 

-1.09 

-2.99 

-1.08 

-2.98 

-1.39 

-3.26 

-1  .  17 

-2.90 

-.78 

-1 .90 

-.29 

-  .72 

.  99 

1.13 

1 . 16 

3.02 

1.39 

3.68 

1 . 19 

3.18 

.60 

1 .01 

-.55 

-1.93 

- .  96 

-2.56 

-.65 

-2.29 

-.52 

-1 .36 

.13 

.39 

.08 

.20 

.75 

1.88 

.13 

.32 

.72 

1.69 

.97 

1.06 

.58 

1 .27 

> 
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Table  B-3 


STATION  7V79VO  MONTH  7 
DELTAS  in  percent  relative  to  atnjal 


LEVEL 

PRESSURE 

DENSITY 

.000 

.02 

-2.01 

.003 

.01 

-2.17 

I.GCO 

.25 

•1.66 

a.  coo 

.**3 

-.9v 

3.000 

.58 

-.Y5 

N.OSO 

.70 

-.25 

5.000 

.82 

-.25 

6.  COO 

.97 

-.29 

7. COO 

1.15 

-.27 

e.oco 

1.35 

-.25 

9.  COO 

1.59 

-.17 

io.  roo 

1.8V 

.09 

it.nao 

2.08 

.59 

la.noo 

2.27 

1.26 

13.000 

2.36 

2.23 

1*1.000 

2.32 

2.96 

15.000 

2.21 

2.83 

16. COO 

2.18 

1.97 

17.000 

2.29 

1.26 

18.000 

2.50 

.97 

19.000 

2.75 

1.25 

ao.coo 

2.99 

1.63 

ai.ooo 

3.19 

1.95 

aa.ooo 

3.37 

2.30 

as. coo 

3.5V 

2.5V 

av.coo 

3.69 

2.72 

a5.ooo 

3.8v 

2.90 

?6.0Q0 

3.98 

3.08 

27.000 

V.ll 

3  31 

28.000 

v.22 

3.V8 

29.000 

V .  32 

3.65 

32.000 

V.V1 

3.68 

V.000 

v.53 

V.06 

3V.OOO 

V  .59 

V.20 

36.000 

V .  62 

V.V5 

36.000 

V  62 

V.vj 

VO.OOO 

V.57 

V.78 

*42.000 

V.V5 

v.eo 

*4*4 . 000 

V.29 

V.89 

**6.000 

V.ll 

v.5v 

*48.000 

3.98 

V.23 

50.000 

3.9V 

v .  3V 

52.000 

3.6V 

V.V6 

5*4 . 000 

3  39 

V.  19 

56.000 

3. 10 

V.26 

50. COO 

2.76 

3.91 

60.000 

2.38 

3.77 

62.000 

1.87 

v.ov 

6*4.000 

1.23 

3.39 

66.000 

.63 

2>6 

60.000 

.15 

1.25 

70.000 

-.21 

.81 

TEMP. 

TMO-TAWtDEO.IO 

2.9V 

6.C5 

2.17 

6.V3 

1.85 

5.38 

1.38 

3.9i 

1.03 

2.89 

.95 

2.61 

1.06 

2.86 

1.27 

3.32 

I.Y3 

3.65 

1.61 

V.OI 

1.75 

V.22 

I.7V 

V.C6 

1.V8 

3.3V 

.97 

2.13 

.13 

.27 

-.62 

-1.29 

-.57 

-1.18 

.21 

.V2 

1.02 

2.07 

1 .5V 

3.1V 

I.V9 

3.08 

1.33 

2.81 

1.21 

2.59 

1.05 

2.26 

.99 

2.15 

.9- 

2.06 

.91 

2.02 

.87 

1.94 

.79 

1.79 

.70 

1.59 

.63 

I.V5 

.53 

1.23 

.2*4 

.56 

.19 

.vs 

.00 

.01 

.02 

■  OV 

-.37 

-.94 

-.V9 

-1.28 

- .  7V 

-1 .96 

-.59 

-1.57 

-  .V3 

-1.15 

-  .62 

-1.66 

-.9V 

-2.-9 

-.91 

-2.  VO 

-1.27 

-3.31 

-1 .27 

-3.28 

-1.50 

-3  81 

-2.2V 

-5.60 

-2.25 

-5.V5 

-1  .97 

-v .  5v 

-1.23 

-2.78 

-1.17 

-2.57 
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OCLTA  PERCENT  RELATIVE  to  AWML  PRESSURE 


STATION  ■  7H79H0  MONTH  •  I 


Of  L  TA  TCMPf  RAUWE  DCO.  K 


Figure  B-4 
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STATION  *  7H79«0  MONTH  •  7 


Figure  8-5 
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STATION  -  7M790  MONTH  •  7 


Figure  B-8 
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•  7h79*0 


*U  MT3NTHS 


Figure  B-9 
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ALL  MONTHS 


Table  B-4 


STATION  797990  MONTH  I 


LEVEL 

CVP 

CVO 

CVT 

RlP.Tl 

RIP. 01 

RIT.DI 

DC  VP 

DCVO 

OCT 

.000 

.00>4S 

.0236 

.0218 

-.2695 

.9591 

-.9809 

-.0996 

-.0031 

-.0066 

.003 

.00<49 

.0235 

.0218 

-.2609 

.9980 

-.9799 

-.0909 

-.0031 

-.0066 

1.000 

.0050 

.0170 

.0171 

.1613 

.1322 

-.9569 

-.0291 

-.0051 

-.0099 

2.000 

.0056 

.0123 

.0133 

.3997 

.0291 

-.9090 

-.0200 

-.0066 
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